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THE WINDOW DN THE WORLD 
OF MACHINE| ROOLS 











By coming to Charles Churchill, the 
production planner can choose his 
complete requirements for the cold 
shaping of metal from the leading 
British, Continental and American 
ranges of machine tools. Through 
Charles Churchill’s well-informed 
technical service he is kept in con- 
stant contact with all aspects of the 
industry. 

If you are considering new produc- 
tion schemes, new or replacement 
machines for shaping, turning, 
grinding, boring, milling, planing or 
bending metal, consult Charles 
Churchill. They will be able to supply 
the quality machine tools you need... 
install and service them...advise you 
on their application and operation. 


Make 


CHARLES 
CHURCHILL 


your window on the world 
of machine tools. 


Branches at: London, Manchester, 
Glasgow and Newcastle-upon-Tyne. 





CINCINNATI MILLING MACHINES LTD 


CHARLES CHURCHILL & COMPANY LIMITED 


Coventry Road, South Yardley, Birmingham 25 
Telephone: Acocks Green 2281. 


























The Production Engi 


E-3 s KEYSURFACING & BORING LATH 
offer :- PRECISION FEATURES WHICH ARE PROVING THEM- 
SELVES THROUGHOUT THE ENGINEERING INDUSTRY 4 


FEATURES 


RAPID CENTRE POSITIONING WITH 
RETRACTABLE STOP 


COMPREHENSIVE RANGE OF TOOLHOLDERS 
INTERCHANGEABLE WITH OTHER MAKES 
OF TURRET LATHES 


AVAILABLE WITH GAPBED (NOT 13” LATHE) 


AMERICAN CAM-LOCK SPINDLE NOSE 
PERMITTING CONSISTENT AND RAPID 
REMOUNTING OF CHUCKS AND FIXTURES 


AUTOMATIC TRIPS TO LONGITUDINAL 
FEED FITTED AS STANDARD 


TRIPPING CROSS FEEDS AVAILABLE 


REPRODUCED BY KIND PERMISSION OF THE 
ENGLISH ELECTRIC CO.LTD. ILLUSTRATION 
SHOWS A LINE OF SURFACING & BORING 
LATHES IN THE WORKS OF THE ENGLISH 

ELECTRIC CO. LTD. BRADFORD 


MADE IN SIZES 


131036 


24” SWING SURFACING & BORING LATHE 


KEIGHLEY ENGLAND 


2 13°—30° SWING CENTRE LATHES, COPYING AVAILABLE ON 13’, 17°, 21 
en 13°—36° eo eee 


TELEX NO. 51-123 © TELEGRAMS: LATHES KEIGHLEY TELEX @ TEL. NO, S261 5 4 
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KEEP 
PRODUCTION 
FLOWING 
FASTER 
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A triumph of precision 
to speed your drilling 


With GRIP you can be sure of a type and size of 
jig bush to suit your needs... immediately available 
from stock. The range includes headless and headed 
press fit, slip and fixed renewable types to BSS 
1098/1953, as well as serrated and recessed bushes 
for plastic and moulded jigs. 


CATALOGUE SENT ON REQUEST 


TALBOT TOOL CO. LTD. 


GRIP WORKS, 
ROEDALE ROAD, BRIGHTON, SUSSEX 
Tel: BRIGHTON 55832 











THE IDEAL POWER SOURCE 


FOR 

















C.V. UNIT | 


Please write today for further 
details of the NEW LINCOLN C. V. UNITS 
for CO» Arc Welding to: 


WEMBER OF Tig 


Welwyn Garden City - Herts - Tel: Welwyn Garden City 920/4 - 4581/5 Cay) 
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Dunlop choose Regent lubricants 
for these gears! 
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Fifty years of research and improvement have gone into 
the development of Regent Gear Lubricants—a half 
century of experience which has produced gear lubri- 
cants tailored to meet the most exacting industrial 
needs. That is why so many modern companies, like 
Dunlop, use Regent Gear Lubricants in one or all of 
these forms: 

GRATER ... a powerful many-purpose lubricant without 
equal for heavy duty and exposed applications. All grades have 
excellent adhesive qualities. Compounded blends are available 
for operations under wet conditions—even under water. Also 
available are Crater Fluids permitting easy initial application 
but retaining their powers of adherence. 

MEROPA.. . lead base lubricant for high tooth pressures, 
has built-in protection against wear under continuous heavy 
duty and shock loading. Meropa is guaranteed non-corrosive 
in conditions of mild humidity and moisture. There is a full 
range of viscosities to meet all conditions. 

THUBAN ... a first-quality, straight mineral gear lubricant, 
for maximum protection of rubbing surfaces under normal, 
and up to heavy duty loading, conditions. 


\\ 





(Above) Regent Sales Engineers in the Dunlop factory, Birmingham. 


(Inset) The 600 HP Double Reduction Speed Reducer in this picture at the Dunlop 
factory in Birmingham is driving a Mixer. Dunlop have found Regent Oil ideal for 
the efficient lubrication of these gears. 


For further information and advice on gear lubrication send off the coupon below 


Regent Oi! Company Limited, 117 Park Street, London, W.1 
[__] I would like a Regent representative to call. 


[] I would like a copy of the Gearing Lubrication Leaflet. 
(Tick whichever applicable) 


re 
COMPANY ADDRESS 


| 
| 
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I used to worry over my production programme — finding the right engineering 
firm to handle the sort of precision work I required gave me endless 

sleepless nights — in fact it got so bad I even tried a bit of fishing — they said 
it was a good way to relax . 


Well, I still go fishing —I find I enjoy it, but I sleep well at night and haven’t 
any more worries, not since I got Peak Engineering to take over my 
production headache. 


If you think we can help you with your problems, why not write to our 
Technical Representative, or better still visit us at our 
modern factory at Stratford-upon-Avon — the fishing there is very good. 


ad Noe a CII id Lee Os Os a DB 


MASONS ROAD -: STRATFORD-UPON-AVON - WARWICKSHIRE 
Telephone : Stratford-upon-Avon 3821 Telex: 31627 
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No words, no specification, 
can capture the real quality 
of a computer 


A computer isthe sum ofthe thinking, the engineering, the experience 
that go into its making, plus the accumulated skills that go into its 


applications and servicing. 





On all these scores, I-C-T has no equal in Britain. 
I-C-T, with over 50 years’ experience of data 
processing, has made more than half the computers 
in commercial use here today. I-C-T in Britain is 
deployed over 23 factories, 31 area offices, 3 research 
establishments, and 5 educational and training 
centres for customers’ staff. World-wide, I-:-C-T 
employs 19,000 people and operates in 51 countries. 


I-C-T’s service is at your service from the moment International Computers 
a anergy te and Tabulators Limited 


The computer illustrated is the 1301. It is a 
product of I-C-T and G.E.C. and their jointly owned 
Computer Developments Limited. A comprehen- 149 PARK LANE, LONDON W1, TELEPHONE: HYDE PARK 8080 
sive booklet on the 1301 can be had on request. 
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There is no end 


fO0 THE COMPREHENSIVE RANGE OF 


TTL 
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FITTINGS & AGGESSORIES 
serving almost every 
Industry 


If we placed an advertisement on every page of this 
journal we still wouldn’t be able to illustrate and specify 
all the fittings and accessories now incorporated in Enots 
range of products which include One Shot, Benston and 
Mechanical Centralised Lubricating Systems, Grease Guns 
and Nipples, Pressure Oilers, Filters, Coolant Fittings, etc. 
Control Valves, Air Cylinders, Lubricators, Flow Control, 
Valves, Solderless Pipe Fittings, Copper, Nylon and Bundy 
Steel Tube, Flexible Hoses, Fuel Cocks, Filler Caps, 
Throttle Control Ball Joints, Breathers,Sump Pumps, etc. 
Fortunately we are able to produce at a moment’s notice, 
the appropriate catalogue adequately covering a customer’s 
particular enquiry. We should like to hear from you. 


BENTON & STONE LIMITED 


ASTON BROOK ST. BIRMINGHAM 6 
Telephone ASTon Cross 1905 Telex. ENOTS. B’HAM 33143 


See Enots list of Stockists on page 100 

















WILKINS & MITCH 


STRAIGHT - SIDED 
SINGLE ACTION 
T.R. SERIES 
POWER PRESSES 
1,2, & 4 POINT 
SUSPENSION 


These many exclusive 
features that are essential 
for greater productivity 
are embodied in this range 
of Wilkins & Mitchell 
Power Presses — the 
presses that cut costs. 


HIGH TORQUE CLUTCH 


BUILT-IN DRIVE FOR 
AUTOMATION FUNCTIONS 


HEAVY DUTY DEEP 
GUIDED CUSHIONS 


FULL ECCENTRIC DRIVE 


DEEP BEAM ALL-STEEL 
SLIDE 


ALL STEEL, HEAVY 
SECTION FABRICATED 
CONSTRUCTION 


FULL-FLOW CIRCULATING 
LUBRICATION 
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SQUARE BLADE. 
FUTURMILLS 


These cutters of unique design — 
are the first Throwaway Blade Mills 
to be introduced into this country. © 





Our experience in the use of | 
this and similar types of Milling Cutters 
enable us to offer an unequalled service © 
in the application of milling techniques. 


Our engineers are available — 

at any time for consultation ~ 

regarding your tooling problems ~ 

and will be prepared to : 

demonstrate the latest methods — 
in your own plant. 


® throw away blades 
® /ow production costs 
” long cutter life 


Please write for further particulars 


Home Sales: 

PROTOLITE LIMITED (a subsidiary company of Murex Ltd.) RAINHAM, ESSEX. 
Telephone: Rainham, Essex 3322. Telex: 28632. Telegrams: Prolite, Rainham-Dagenham Telex. 
Southern Area Office; Central House, Upper Woborn Place, London, W.C.1. 
Midland Area Office: Guildhall Buildings, Navigation Street, Birmingham 2. 
Northern Area Office: Norwich Unio» Buidings, City Square, Leeds 1 


Export Soles: MUREX LIMITED (Powder Metallurgy Division) RAINHAM, ESSEX, ENGLAND. | 
Telephone: Rainham,” Essex” 3322. § Telex:328632. Telegrams: Murex, Rainham-Dagenham Telex. 
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Telecommunications 


Two recent major steps in the improvement of world telecom- 
munications have been the laying of the first Trans-Atlantic and the 
California—Hawaii submarine telephone cables. 

When laying cable either on a flat sea bed or over underwater 
mountain ranges, the exact control of paying out speed and tension in 
the cable is of paramount importance. ‘VSG’ variable delivery oil 
hydraulic pumps are used to act as brakes on the cable, which is 
drawn out of the ship by its own weight. This enables a very smooth 
and regulated control to be maintained or instantly varied to suit ship 
speed, paying out speed and tension in the cable. 

It is just another of the highly varied applications of ‘VSG’ 
variable delivery pumps and transmission gears which have now been 
serving modern industry for over fifty years. 





SERVING MODERN INDUSTRY 


VICKERS-ARMSTRONGS (ENGINEERS) LTD VICKERS HOUSE BROADWAY LONDON SW! 





The Production Engineer” 











foe 
COO nL i; 
pect q 














JOG COoooo0H 
=e 




















reversion To 
manual conrol 
al will 








The application of electronic profile turning and boring 3 
equipment to the Webster and Bennett range of vertical ; 
boring mills opens up a wide new field of uses for these © 
versatile machines. Although specifically designed for | 
copying applications, when not required the electronic j 
control may be disengaged and the machine operated asa @ 
standard machine under mechanical control. 

Machine capacities range from 36” to 72” chuck diameter, | 
and machines can be supplied with or without the electronic — 
profiling equipment. 
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WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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Manufactured by the Makers of Fine Machine Tools 


WIS 


MUCH PARK STREET . COVENTRY 
Telephone : Coventry 27366/7 


BY HAND 

BY FOOT 

BY PUSH BUTTON 
BY CAM 

BY SOLENOID 


EQUIPMENT 


Perfect control, efficient, economic and 
utterly dependable right from the moment 
it is installed and throughout the life of 
the machine to which it is fitted. 

That is the secret of RED RING 

success, RELIABILITY. Many hundreds 
of Control Valves, hand, foot, electric 
and cam operated available from 

stock. Cylinders from 1”—14’ dia. 

for every purpose. 


Designers and engineers 
are invited to send for our 
comprehensive catalogues. 








The Production Engineer % 


SPARCATRON Mk.V Quant 


for spark machining 


large workpieces from the solid 


This machine has been introduced 
for handling workpieces larger 
than can be conveniently accom- 
modated in the earlier models and 
has been produced with the forg- 
ing industry in mind for the 


production of dies. 


End plate of an electric motor. 


7 
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_ IMPREGNATED DIAMOND PRODUCTSLTD 
OF GLOUCESTER - ENGLAND 
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10 - inch Model 

Platen diameter 

Scale reading 

Microscope magnification 


Overall size 


16-inch Model 


Platen diameter 


Scale reading 


Overall size 


30 - inch Model 


Platen diameter 
Scale reading 


Overall size 


10” 

30 secs. of arc 
70 x 

154” x 13” x 5” 


| sec. of arc 
or 10 secs. of arc 
22” x 204” x 52” 


| sec. of arc 
40" x 32” x 92” 
































Value for money 
Check these points 


With so many important features cesigned 
to get the utmost out of your cutting tools, 
these heavy duty, precision built milling 
machines offer more value for money than 
any other miller of comparable weight and 
performance. Check the vital points of the 
3HG and 4HG and see for yourself. 


ADCOCK & SHIPLEY LTD 


P.O. Box 22. 
Leicester 24154 
Telegrams and Cables: 


Ash Street, Leicester 


Adcock, Leicester 
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SHG 


4HG 











Horse Power 15 25 
Weight 4: tons |well over 6 tor 
Table size 60x 14” 2 ot BT 
Knee width 19 25" 
Spindle bearings 5 | 5 


Positive backlash eliminator 
Suitable for. tungsten carbide milling 
Suitable for high rake milling 


Duplicated controls and locks front and reat 


Every final drive gear bigger 
detbemectameiaca am tarelahias 


\ 
Infinitely variable feeds }” 





64” per minute 
Hardened table screw 

Automatic slide and screw lubrication 

24 speeds from 23 to 1250 r.p.m. 


Built-in fly-wheel 
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. unting for a first class source of cutting 
‘and finishing tools for gears? = 


Seek no more! In the heart of the David Brown 


organisation there is a division specialising in 
making Hobs, Shaper Cutters, Rack Cutters and Shaving Cutters—the lot. 
Since David Brown have been making fine quality gears and the 
tools for cutting them for one hundred years, it follows that there 
is a wealth of experience to draw on. So, if you have a gear 
cutting or finishing problem get in touch with David Brown. 


You will find their area engineers very willing to help you. 


DAVID BROWN 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


o 2 am 
ene 
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TOOL DIVISION PARK WORKS HUDDERSFIELD 
TELEPHONE HUDDERSFIELD 3500 
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RICHARD LLOYD 
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Engineers SERVICE ana SUPPLIES 


SERVICE 


A team of specialist engineers is now available 
to assist customers in the correct use and 
maintenance of our products. These engineers 
have considerable experience in one or other of 
the following types of operation :— 

Milling ; Boring ; Reaming ; Tapping ; 
Grinding and Scurfing ; Power Transmission. 
In the event of any problems arising,a phone call 
or letter will bring a specialist engineer to assist 

on the spot. 


RICHARD CLOYD LIMITED 





SUPPLIES 


Among the wide range of engineers’ equipment 
manufactured and distributed by us are :— 


““Galtona” Inserted Blade Milling Cutters, 
Boring Heads and Tool Holders, ‘“‘Galtona” 
Ground Thread Taps; Dies, Drills, Chucks, 
Solid Milling Cutters and Reamers, “Carborun- 
dum” and “‘Aloxite’’ Abrasive Products, Precision 
Tools, Electric Tools, Machine Tools and Small 
Tools, Power Transmission equipment—in fact 
“Everything for the Engineering Shop”. 















GALTON HOUSE, ELMFIELD AVENUE, TYBURN, BIRMINGHAM, 24 
Telephone: Ashfield 180i, Telegrams ‘‘Cogs, Birmingham”’ 
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G5 Seconds per Picee 


Floot to 
Floor 












1-562" 
7-564" OIA. 


1-0618" 
0623" DIA: 


VASA —>.. 
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eel | PRECIMAX. 


Stub Axles at Armstrong Patents Ltd. 
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GROUND WHERE MARKED ////// 
PART VIEW OF COMPONENT 


The key to this outstanding production achieve- accurate dressing of the wheel allowing the 
ment is plunge grinding on the PRECIMAX simultaneous grinding of three diameters. 
model MPB 12/24. The stub axle shown in PRECIMAX Grinding Machines are available in 
the drawing is of 80-ton tensile steel and a wide range of types and sizes. 

amongst the many PRECIMAX features contri- Our range includes precision fine boring machines 
buting to ultra high speed performance is the as well as grinding machines. Send forfull details. 





LANDIS LUND LIMITED 


CROSS HILLS, KEIGHLEY, YORKS. Phone Crosshills 321! NRP/M2 
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INCREASED 


~ PRODUCTIVITY 


WITH GREATER 


_ PRECISION 
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Swift Feeders employed in 
production in our Associate 
Company may be seen at 
any time by appointment. 


The B.T.G. 3” Swift Feeder is a hydraulically 

operated power press feeding device, capable of 

running consistently at high speeds with extreme accuracy 

of pitch. It is readily mounted on the crankshaft of the vast majority 

of power presses and used in conjunction with the Swift Feeder Coil Holder 

(which is adjustable for tool height and coil size) enables the press table to be 
kept clear of any obstruction. 

The extreme simplicity of adjustment for pitch progression and material 
thickness makes the Swift Feeder ideally suited for both short and long production 
runs. Adjustment for width of material is rendered unnecessary by the open-sided 
gripper design. 

THERE IS NO FASTER OR MORE CONSISTENTLY ACCURATE PRESS FEED THAN THE 


(Ld eit Ze 


BIRMINGHAM TOOL & GAUGE CO. LTD., BIRMINGHAM If 
and 26 HOLBORN VIADUCT, LONDON, E.C.1. 


A Member of the DENBRO Group 
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mild steel fabrications etc. 


- Storage tanks ... 
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SPECIALLY 
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RUNS 





Wherever the duty is severe, Double Six super 
die steel is recommended. The slightly higher 
cost is recovered many times over in the extra 
production life of the tool. 


The cutting edge of the tool will last much longer 
than ordinary die steels because of the highly 
alloyed composition; it is non-shrinking, and 
suitable for intricate sections. 

We have achieved some outstandingly long runs 
with this superior die steel. Please fill in the 
request form for more details of this and other 
special alloy steels. 


EDGAR ALLEN & CO. LIMITED 
IMPERIAL STEEL WORKS, SHEFFIELD 9 





EDGAR ALLEN 
DOUBLE SIX 
SUPER DIE STEEL 


Multi-stage tool for piercing, shaving and 
blanking levers, with double trigger stop feed. 
Output of 35,000 between grinds on steel 
.193 in. thick for Wilmot Breeden Ltd. 





Compression mould in Double Six steel for 
making motor starter control knobs for 
Brook Motors Ltd. 


AS A KS | mm —— 
| TS35/ PE 


to EDGAR ALLEN & CO, LTD., SHEFFIELD 9 
Please send data on “‘DOUBLE SIX SUPER DIE STEELS” to: 


| | 
| | 
| NAME | 
| POSITION | 
FIRM | 
ADDRESS . | 
| 
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PRATT <« WHITNEY 


No3E JIG BORER 


In operation, the Planning Engineer first transfers to a Numerical Planning 
Chart all dimensional data required to determine the positions from blue- 
prints. Ordinary clerical help is then employed to punch this data into 
tape. The Operator now places the prepared tape into the machine's tape 
reader and establishes the zero point for the job. Once this is accomplished, 
he has only to push a button and the work is positioned for the first 
machining operation. Settings are made quickly, automatically and accurate 
to .0001 in. 


Write for interesting details to the Sole Agents in British Isles for 
the Pratt & Whitney Co., of West Hartford, Connecticut, U.S.A. 


BUCK & HICKMAN LTD. 


OTTERSPOOL WAY, WATFORD BY-PASS, HERTS. 


Head Office: P.O. Box 74, Whitechapel Road, London, E.1. 
Branches: Alperton, Birmingham, Bristol, Glasgow, Leeds, Manchester. 
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CINCINNATI 


1-18 PLAIN AUTOMATIC 
MILLING MACHINE 


Full Automatic table cycles. 
Automatic backlash eliminator to 
table. 

Automatic spindle stop. 
Dynapoise (vibration damping) 
overarm. 


Table size 10” x 354” 
Speed range — 50 - 1500 r.p.m. 
Feed range — }” - 24’/Min. 
Drive motor —3 hp. (5 hp. 
available on demand). 


Write now for full specification 
Catalogue No. M-1555E 


Agents: Chas. Churchill & Co. Ltd. — Birmingham, 
London, Manchester, Glasgow & Newcastle. 
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'FOR BOTH SMALL AND LARGE 
'QUANTITY PRODUCTION 





Operation 1 


Mill step. 
Set-up ... 16 mins. 





8 
(24 pieces) 39 mins. 





Total 55 mins. 




















—simple tooling using 


a standard machine vice 


Operation 2 


Mill 5° angle. 

Set-up ... 4 mins. 
Milling 

(24 pieces) 39 mins. 


for a typical short-run 
job in cold rolled mild 


steel in our own works. Total 43 mins. 


Operation 3 


Mill chamfer. 

Set-up ... 9 mins. 
Milling 

(24 pieces) 27 mins. 


Total 36 mins. 


Operation 


Mill three slots in 
automobile transmission 
rings. 

Production 300 per hour. 





~two automatic indexing 
fixtures with automatic 


clamping and unclamping. 





MACHINES LTD. ainmncuanx 
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HYDRAULIC 
PRE- SE LECT 


for greater operat speed | 
ri a capéclly 


Photograph by courtesy of 
OTIS ELEVATOR CO. LTD. 
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JAMES ARCHDALE & CO. LTD. 


BLACKPOLE WORKS, WORCESTER ~< Telephone: Worcester 2708! (6 lines) 
A member of the Staveley Coal & Iron Co. Ltd., Group 
SOLE SELLING AGENTS: ALFRED HERBERT LTD., COVENTRY. TEL. COV. 89221 
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Manufactured under licence from Ferrand & Frantz Ing. Villeurbanne. British Patent No. 705, |48. 


MODERN FACTORIES NEED 


REEL ABOVE ALL ELSE 


TO SAVE SPACE AND GIVE 


INCREASED HEIGHT OF LIFT 
-with reduced building cots / 


highest hook Reel is the only modern overhead crane specially created to 





The underslung 
crab unit allows a 


— meet modern industrial demands for higher mobility and efficiency. The unique 


building height. Reel design carries the crane to within inches of the roof, giving 
maximum height for lifting. Enclosed girder construction combines lightness 
with great strength, allowing more economical running and 

ae maintenance. There are capacities to suit all requirements. Handling of 

e driver's cage, ¥ ‘ 

glazed or open, goods is faster, safer and more economical with Reel— 

AP gt Why not contact us now for full information ? 

maximum possible 

visibility in all 

directions. 





THE BRITISH overhead 


W nV travelling 
crane 


BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 
CORONATION WORKS - HAINGE ROAD - TIVIDALE -: TIPTON : STAFFS - Telephone: TIPTON 1222/3/4 
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Many problems involved in the high-rate produc. — 
tion of work of special nature or requirement are _ 
being solved by B.S.A. single spindle automatics, 
For work up to 2 in. diameter, from the common- 7 
place to the most intricate, B.S.A. automatics ; 
maintain their reputation for speed with accuracy 
and reliability. 


magazine loading 


This bronze component is machined complete in 7 
seconds on a B.S.A. 98 single spindle automatic. 
The “hairpin”? magazine feeds the cast-blank to a 
loading block on the rear cross 

slide whence it is transferred to 

a chuck. Ten operations are 

performed involving tooling on 

the front cross slide, the turret 

and a stationary cutter within 

the workspindle, then the finished 

part is automatically released to 

fall in the pan. 


automatic inspection 


Standard tooling on a B.S.A. 48 single spindle automatic 
produces this burner-jet in 3} seconds. Included in the 
sequence of operations is an electro-pneumatic means 
of automatic inspection of the fine hole. Any obstruction 
to an air-blast which is directed through the component 
causes a back pressure to be 
fed to a Sigma control unit. 
This operates a solenoid unit 
which stops the machine and 
lights an indicator. Drill 
replacement and removal of 
the defective component can 


0146” DIA (04mm) them be made. 


33 Secs 


B.S.A. TOOLS LIMITED - BIRMINGHAM 33 - ENGLAND 


Sole Agents in Great Britain: 
BURTON GRIFFITHS & CO LTD - KITTS GREEN BIRMINGHAM Telephone: STEchford 3071 
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HORIZONTAL 
STOCK REEL 


7-operators wage for a fortnight 
you get a "permanent automatic press 











STOCK STRAIGHTENER 








PRESS SCRAP CHOPPER 











NRP 3314 














REGULARLY SOLD TO THE U.S.A. 
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Your existing presses modernised 
the economical Clark-way ! Increase output from existing 
staff, divert press operators to other work. 

No complicated settings, no power costs, minimum set-up 
time, continuous operation, maximum accuracy, compact— 


and British in design and build. 


*% Illustrated data mailed by return. 


COLHAM MILL ROAD, WEST DRAYTON, MIDDLESEX. 
Telephone: WEST DRAYTON 2300 
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utonalic sequence timing | . 






Elcontrol Timers for process and 
machine control include:- 
PROCESS TIMERS 


which start a process on closing 
the initiating switch, and stop it 
at the end of the time interval. 


DELAY SWITCHES 


which start or stop a process at 
the end of the time interval. 


CYCLIC TIMERS 


which automatically repeat a The new TRU3 
process at pre-determined inter- TIMER or Delay 
vals. Switch £14. 
SEQUENCE TIMERS 
which give full programming of _ 


complex processes embodying 
a number of timing stages. 


Acomplete sequence 
control panel for 

Diecasting Machine 
control. 








| a 
CYCLIC TIMER “| q 
showing withdrawable “Se} 


chassis. 


Repetitive accuracy of standard units is within +2°%, and a 
special high accuracy timer is available which betters + 0.1%. 


Standard Timing Ranges cover between them 0.1 to 300 
seconds. 


Prices range from £14 upwards. 


Elcontrol Timers are widely used on Resistance Welding 
Machines, Foundry Machines, Diecasting Machines, Filling 
Machines, Conveyors, Testing Equipment, Distillation Plant, 
Machine Tools and Process Plant throughout industry. 


We shall be glad to advise on the use of Standard Timers or 
Special Control Systems for particular applications. 


? 
— 

FI CONTR I electronic control systems 
Appointed Agents Telephone 
Regd Trade Mark aw tock & Co. Ltd., Newborough Rd., Solihull « . - <hirley 5703 

N. WEST: ; 
ELCONTROL LTD - HITCHIN - HERTS A. M. LOCK daa Ltd., Union St., Oldham . . « «© « « « Main 6744 
ST Telephone: Hitchin 2411 AOR BOLTON & Co. I.td., Bankhead Dr., Sighthill, Edinburgh 11. CRA 5235/6 
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SPRAY BOOTH 


ALMOST ENTIRELY In this new type of Water-Wash Spray Booth the 
exhaust air travels at very high velocity over the 
ELIMINATES MAINTENANCE 


water surface entraining water. The air/water 
mixture, moving through controlled changes of 


hi @ ] P U M P direction, provides the scrubbing action. 


NO FILTERS se A NEW PATENTED PROCESS 
NO PIPES OF WATER TREATMENT... 


substantially increases the efficiency of 


Pa ie ] he OZZLES these Booths. 


NO CLEANING OUT AFTER 
1 YEAR’S CONTINUOUS 
DOUBLE-SHIFT WORK AT 


Massey-Ferguson 


(UNITED KINGDOM) LTD. 


STRETFORD - MANCHESTER 


This Booth was started up on production 

on 1st March, 1959, and has operated two 

nine-hour shifts on continuous painting of 

agricultural machinery. When last exam- 

ined, there was an average depth of silt of 

6 inches over the entire water tank 

bottom, an area of 290 sq. feet. A further 

4 inches, making 10 inches in all, can be accommodated booth, routine greasing of bearings and similar preven — 
before cleaning is essential. After 1 year’s operation, tive maintenance. 

the fan and ducting were barely discoloured, the only 
maintenance cost being cleaning the floor inside the VISITS TO FACTORIES WHERE BULLOWS* NOPUMP SPRAY BOOTHS HAVE BEEN 


INSTALLED CAN BE ARRANGED ON REQUEST. WRITE TODAY FOR FULL DETAILS 
OF THIS OUTSTANDING BULLOWS' ACHIEVEMENT. 


A. BULLOWS & SONS LTD - LONG ST - WALSALL - STAFFS - TEL 27251) 


DEPOTS AT: 13 SOUTH MOLTON ST., LONDON, W.1. TEL: MAYFAIR 2313 70 GILMOUR ST., GLASGOW, C.5 TEL: SOUTH 2383 
55a BRIOGE ST., MANCHESTER, 3. TEL: BLACKFRIARS 5670 61-63 DRURY ST., DUBLIN. TEL: DUBLIN 73188/9 
BULLOWS AUST.) PTY. LTD. ETHEL AVENUE, BROOKVALE, SYDNEY, AUSTRALIA 
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CNEWALD 


MODEL 1520 
JIG BORER 


Latest development of the team that produced 
the ‘Spacematic’—acknowledged to be the world’s 
fastest and most accurate jig boring machine. 
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FULL DETAILS ON REQUEST TO: 


DUP SALES LIMITED 


ND - TELEPHONE: PETERBOROUGH 3227 
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45 deg. 
(12) 29-775 r.p.m. 


ARRKINSON & SON ssuiptey) LTD 


SHIPLEY (G@@ yorusuiree 


TELEPHONE ‘QUMUBAY 5323) 
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No. 8 TURRET LATHE FITTED WITH 15in TUDOR 3-JAW CHUCK 





DESCRIPTION OF OPERATION es ~ | Speed Cuts 
Hex. Turret! Cross-slide | R.P.M. Ft. per Min. | per inch 


7 S. 
Tool Position Spindle Surface | Feed SE: 7i¢ ——__ 
Ss 





Tungsten Carbide Cutting 

1. Chuck on A (using Loading Attachment) - = — a = aan 
Rough Face and Rough Turn C (1st cut) : Front 1} 85 235 48 

2.;Rough Bore 6 and tis 3 and ma 
Turn C - : . 85 230 70 
3 {Rough BoreDandE - ~- , 85 133 70 CAST IRON 
Rough Turn B and Face Back of Flange 85 225 70 CASTING 

4. Undercut and Chamfer Bores (Recessing 
Toolholder)- = - - - 85 133 
Microbore D, E and 63. dias. - 175 285 98 Floor-to-Floor Time: 

5. ne TurnC - - - - 175 465 70 
Finish Double Face Flange - - 465 70 aetna 

6. Remove Part from Chuck conng Un- 
loading Attachment) -~ - 6 — _- 


2 (0 SELLY OAK 
BIRMINGHAM 29 


LTD TELEPHONE SELLY OAK //3/ 
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How costs are cut with SALTER RETAINERS 


Salter retainers simplify design of 
self-sealing coupling with great savings 





MACHINING * 
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outer shoulder ring (15 mins) 4/- 14/4 








inner retainer (20 mins) 5/44 
saved on 


threading (4 mins) 1 /03% 
THE OLD WAY Self-sealing coupling each unit 


used over-sized internal and _ external 
threaded retainers ...costly milling, turning 


and threading operations were necessary, ASSEMBLY 6 


and assembly slow and difficult. 


by use of 


total labour saving 


2 SALTER 


MATERIAL 











brass threaded retainers 3/5 RETAINERS 








TOTAL SAVING WITH 


2 SALTER RETAINERS 14/4 
: ee SALTER RETAINERS Seicmeiiiitis 





THE SALTER WAY Two Salter Retainers 
replace heavy threaded retainers, and 
eliminate many costly tooling operations. 
Assembly, disassembly and maintenance is 
simplified. 








1760 NEATER — MORE POSITIVE ~ PERMANENT RETAINING 


“Ty SALTER =; 


. v 
Gy? 60 ‘ 4¢ 


Circlips @ Fasteners Retainers ix mi Fixes 


Geo. Salter & Co. Ltd., West Bromwich. Spring Specialists since 1760 
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PLEX CRINDING by 
SPEEDS PRODUCTION 
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KNOW YOUR DIAMOND 


Drilling and glass cutting 


The Production Engineer 








Two of the cornerstones of our 
Civilisation are our ability to 
extract the astonishing riches of the 
Earth and our ability to build 
swiftly in brick, stone, concrete 








O 











and other materials. We marvel at Stonehenge, the 

Pyramids, the Parthenon and the Great Wall of China, but the 
thousands who built them would be awed by our skyscrapers and 
factories, dams and tunnels, constructed at far higher speed by 


far fewer people. Equally, they would 


be amazed at our mastery 


of petroleum, natural gases and minerals of all sorts. Thanks 


to the industrial diamond, we can drill 


rapidly through the 


hardest rock or such intractable materials as tile, concrete 

and quartz. Our modern architecture relies to a large extent on 
glass; here again, the diamond is invaluable, since it is 

the most efficient glass cutting medium. The diamond, which was 
formed when the world began, is an essential part of today's 


tools of industry. 

















Data sheets available 
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L.M.VAN MOPPES & SONS (o1umono roos) LTD 
BASINGSTOKE - HAMPSHIRE - ENGLAND 











TELEPHONE: BASINGSTOKE 1240 - TELEGRAMS: DIATIPT, BASINGSTOKE 
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AUTOMATIC PLANT FOR 


“ Cromard” cylinder liners — good for a quarter of a miliion miles— 
are hard chrome plated by a Canning “ Trojan” automatic unit. 


This, the first of a multiple installation at Laystall, handles 40 liners per L A ¥ S q A L L 


hour during a 24-hour 6-day week, each liner having 0.003 in. of hard 


chrome in the bore. Cc R Oo M A R D LT D 


Laystall have proved that the “Trojan” greatly increases plating 
productivity while reducing overheads. Deposits are of consistent 


quality and uniformity ; plating control is simple and precise. W O LVERHAMP TON 


“ Trojan ” automatic units and Laystall Cromard liners are both products 
of British industrial skill— each has a background of technical excel- 
lence and operational reliability. 


BIRMINGHAM © ones. 2USte ain 
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Some of the seven Atlas Copco AR9 compressors already in service with Vauxhall, 


VAUXHALL TO ATLAS COPCO... 


‘Three more ARS Compressors please!’ 


For more than three years Vauxhall Motors Limited 
have been operating seven, 3,210 c.f.m. Atlas Copco 
AR9 Stationary Compressors at their Luton Works. Now 
due to expansion at these works and the increased 
demand for compressed air, Vauxhall have now ordered 
three additional units which will bring the total number 
of this compressor installation to ten. 

The Atlas Copco ARQ saves power, which on an 
annual running time (three shifts) 7,200 hours, could 
represent a yearly saving of up to £450 per compressor. 
The compact AR3, with its ‘L’ arrangement of cylinders, 
its short, single-throw crankshaft and shaftless over- 
hung motor can save 25% in floor space. 


No other compressor in the range of 3,000 c.f.m. 
at 100 p.s.i. costs so little to operate and needs 
so little room for installation. 


SMAtlas Copco 


COMPRESSED AIR ENGINEERS 


A Vauxhall Cresta outside the Atlas Copco works at Hemel Hempstead. 


ATLAS COPCO (GREAT BRITAIN) LIMITED 
Maylands Avenue, Hemel Hempstead, Herts. 
Telephone : Boxmoor 6040 


Sales and service depots at: LONDON - BRISTOL + CARDIFF - WALSALL 
LEEDS - MANCHESTER - NEWCASTLE - GLASGOW - DUBLIN - BELFAST 


Distribut 
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Distributed ty | THE POWER PETROLEUM COMPANY LIMITED 


76-86 STRAND* LONDON W.C.2 (BRANCHES AND DEPOTS THROUGHOUT THE COUNTRY) 
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Z E IS S OPTICAL DIVIDING HEAD 130 


The Model 130 Dividing Head is a precision instrument 
enabling circular pitches to be obtained with a high 
degree of accuracy. Not only is this equipment parti- 
cularly required for the machine shop in the process of 
milling and grinding index plates, etc., but is a great 
asset to the inspection department in checking pro- 
tractors, levels, cams and camshafts, etc. 


A_ preselector attachment enables the operator to 
set the minutes and seconds for the angle required for 
the next operation while another machining operation 
is being performed. 


SPECIAL FEATURES : 
@ Scale reads to 10 secs. @ 2 alternative large base 







Estimation possible to plates giving distance 
5 secs. between centres of 2 ft. 
@ Camshaft testing attach- 6in. or 5ft. 4in. 


ment avai'able. @ 90° tilt 


Please write for details to: 

CARL EISS) C. Z. Scientific Instruments Limited, 
12a Golden Square, London, W.1. 
Telephone : GERrard 4488 








yoy 


MACREADY’S 


, ga 


‘BRIGHT STEEL 


Over 5,000 tons of bright steel bars, hot rolled 
carbon steels and alloy steels are held by Macready’s 


for immediate despatch. Detailed descriptive lists and 


oO Sf SP f Al D catalogue are available and we invite you to use our 
technical service to answer your steel problems. 


MACREADY’S METAL COMPANY LIMITED, USASPEAD CORNER, PENTONVILLE ROAD, LONDON, N.I. 
Telephone: TERminus 7060 (30 lines) Telegrams: Usaspead, London, Telex Telex No. 22788 
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DUPLEX 
TOOLROOM MILLING 
MACHINE 


This well established machine, designed for 





sustained accuracy, extreme versatility, simple 


operation and long life, is one of the Thiel range 


Ask for 16 page catalogue of precision toolroom machines. 


Ve Woe ee ee eerie wee WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0033 
ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 » STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 
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progress 





in view... 


THE WORLD'S 
MOST ADVANCED 
HYDRAULIC 
EQUIPMENT 


ARE YOU TRYING TO : 


OBTAIN CONTINUOUS AUTOMATIC RE- 
VERSING DRIVES AT CONSTANT R.P.M. OR 
OVER A WIDE RANGE OF SPEED VARIATION? 


OBTAIN ACCURATE REMOTE CONTROL OF 
SPEED AND DIRECTION OF ROTATION, 
RATES OF ACCELERATION AND/OR DE- 
CELERATION? 


PRODUC-TROL 
visual control ends 
deadline dangers 


Produc-Trol provides the fool-proof method of laying the 
deadline bogey. See at a glance the exact position of every 
order or project by using Produc-Trol visual charts. Hold-ups 
are remorselessly spotlighted, prompt and vital information is 
given, compelling immediate action. 

Versatile Produc-Trol enables you to keep tabs on every stage 
of your working programme, be it Production, Sales, Budget, 
Order, Transport, Repair or Press Date schedules—it’s appli- 
cations cover a very wide range. With Produc-Trol today 
you're always prepared for tomorrow. 


PRODUC-TROL. 
P Block s ANDERSOMmnD | 


Head Office: Banda House, Cambridge Grove, Hammersmith, London, W.6. 


" Tel: iVerside 4121 (20 fines) 
— BUSINESS ; 
AUTOMATION — ai its best ! 


“ “ON-THE-SPOT SERVICE from B & A branches in principal towns 


OBTAIN ACCURATELY MATCHED SPEED OF 
VARIOUS ROTATING ELEMENTS? 


OBTAIN CONSTANT SPEED OUTPUT FROM 
A VARIABLE SPEED INPUT; AUTOMATIC 
TORQUE CONTROL; OR CONSTANT HORSE- 
POWER OUTPUT THROUGH ALL OR PART 
OF A SPEED RANGE? 


You Heed Oilgear! 


Wea therley 
Oilgear 











| Please send me details of the following Business Automation Equipment. 


| [) Modern Duplicating Methods 


Limited 


HYDRAULICS DIVISION, 
BIGGLESWADE, 


TELEPHONE : 
BEDS. 2351 














WOL. 2 


Systems Machines 
Visual Control Charts 
Ph rele ater 





r pying 
| Calculators 
\_ Standard and Portable Typewriters 
\., Adding and Bookkeeping Machines 
L_, Addressing Machines 
} Microfilm Copiers 
L) Banda Supplies 





Name 
Position 
Firm 


Address 





Hiiller 


Special Machine Tools 


Multi-spindle cylinder boring machine 


for roughing, semi-finishing and chamfering the upper and lower 
piston bores in 4 and 6 cylinder blocks. 


Features of design : 
2 six-spindle-boring heads, the guide ways of which are provided 
in the same plane with boring spindles 


1 transfer mechanism conveys optionally 4 and 6 cylinder blocks 


Roughing : v=195 ft/min s=0,0275"/rev. 
Semi-finishing : v=260 ft/min s=0,0195"/rev. 


Output of the machine: 50 components per hour at 80°, efficiency. 


@leleleleye) Sole Agents 


British Isles 


Bishop, Eaves & Sons, Ltd. 
868, Alum Rock Road, Birmingham, 8 


Telephone: East 407! 
Telex. 33461 Bisheaves Birmingham 
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Greater safety for hands 

















TRIUMPHS OF SHELL RESEARCH 


ith new Shell Dromus Oils 


fost modern soluble cutting oils contain phenolic 
pmpounds used as coupling agents between the 
il and the emulsifier, for better blending and 
isier mixing. These phenolic compounds can 
luse skin irritation, especially where modern 
igh-speed machines are used and the emulsion 
nconcentrate, through the evaporation of water, 
pve the safety level. 
Shell research chemists have been working on 
s problem, which has been causing some con- 
n to Management. After considerable research, 
ell Dromus Oils have been reformulated and 
e new cutting oils now produce bland emul- 
bns, which considerably reduce the risk of skin 
ouble to operators. 
‘The real difficulty was to find a newcouplingagent 
replace the phenolic compounds, and Shell finally 
ed what their chemists know as a higher fatty 


The Research Story 


alcoholcomplex. Thissolved one problem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a soluticn to this 
problem by designing and installing new plant. 

The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 

The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. If you and your organisation 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom. 








This is the blending kettle. The 
reflux condenser beside the stirrer 
motor prevents the loss of con- 
stituents volatile at the blending 
temperature. 


DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 





A48 The Production Engineer 





RIVENER 





Duplex 














Face 
Grinding 
Machine 


Illustrated 
Scrivener 
24/30 


























Roller Feed 


Flat work-pieces capable 
of being rolled are 

best fed between 
vertical pressure 

rollers. 


Rotary Feed 


Irregular flat pieces 
which will not roll 
or slide can be 
handled by a 
rotary feeder. 


The Scrivener 24/30 Duplex Face G are: 
employs the principle of mounting t 
wheels on horizontal spindles, with th 
parallel so that workpieces passed 
have their opposite faces ground si 
This machine is designed to deal wit 
of duplex grinding applications wh 
engineering and other industries wh 
require grinding on two flat oppos 
close limits of accuracy. 


WICGKM 


FACTORED MACHINE TOOL 


ITED 





— — Piston Rings, Brake Discs, 
Cylinder Heads. 
— — Spacing Washers, Roller 
Bearing Rings, Sleeves. 
— — Insulators, Spacers, Con- 
denser Parts. 
Ebonite Meter Discs, Pump Discs. 
Ltd., for a copy of the Scrivener 
ng full details and specifications. 


Y, COVENTRY. Tel: 74321 


566 F80 
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LEAST COST SCHEDULING OF 


DAILY LOCAL DELIVERIES 


an application of dynamic programming 





This Case Study was prepared by Professor 
Shephard from research undertaken by him with 


a graduate student in his Department. 


It formed part of the Seminar on Operational 
Research held at The Institution of Production 


Engineers Headquarters in April, 1960. 





by Professor Ronald W. SHEPHARD 
Industrial Engineering Department, 


University of California 


INTRODUCTION 


te problem analysed in the following case study 
is one of daily scheduling of deliveries between 
public carrier and private company fleet. This kind 
of decision making, which frequently arises, is 
ordinarily done on an intuitive basis by rather un- 
sophisticated methods. It is possible, however, to 
schedule deliveries in a routine way so as to guarantee 
a close performance to an ideal of minimum costs for 
transportation. 

A precise mathematical justification for this routine 
is given in the following pages. The argument is made 
by introducing a serial ordering of the deliveries to 
be made during a day, in terms of certain cost co- 
efficients, and showing recursively that the schedul- 
ing rule proposed is near optimum. The recursive 
demonstration consists in successively analysing the 
costs involved for first one delivery, then two deliveries, 
and so on, up to an arbitrary number of deliveries 
which may have to be made. 

A simple near optimum scheduling rule is sought 
rather than one defined by an involved mathematical 
calculation, because the scheduling has to be done on 
a daily basis. Moreover, for retrospective evaluation 
of optimum fleet size it is neither convenient nor 
practical to make involved daily scheduling for com- 
parative cost calculation. 
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fas scheduling, between common carrier and 
private fleet truck, of local delivery of product 
from manufacturer to customer is a daily decision 
problem of some complexity, because the assignment 
variables are discreet and ordinarily many in number. 
For any given size of private truck fleet, the most 
efficient assignment of deliveries (in the sense of least 
total delivery costs) is not necessarily one in which 
a private fleet is used to capacity each day, and the 
deliveries to be scheduled each day may be highly 
variable in number and kind. 


This scheduling problem has been studied in detail 
for a manufacturer of glass containers, and is now 
reported. 


By use of recursion methods (dynamic programm- 
ing) and explicit consideration of the special proper- 
ties of the cost function involved, a simple decision 
rule is found for scheduling deliveries which is 
approximately optimum, and an expression is given 
for a bound upon the deviation from exact minimum 
cost thereby entailed. The bound is evidently small 
and an exact minimum cost scheduling is neither 
desirable nor required, particularly in view of the 
practical limitations of getting precise cost data and 
the difficulties of making daily an exact calculation 
of optimum scheduling. 


Having determined an approximately optimum 
daily scheduling decision rule, the question of optimum 
private truck fleet size naturally arises. Comparative 
cost calculations may be made for various hypothetical 
private fleet sizes related to the deliveries encountered 
during an immediately previous year, using the near 
optimum daily scheduling rule as a basis for deter- 
mining minimum operating costs connected with 
each fleet size, and private trucks may be retired or 
purchased annually to control the private fleet at near 
optimum size. The planning period suggested, i.e., one 
year, may be increased or decreased, depending upon 
the market circumstances and practices ysed for 
making and underwriting capital investments. The 
control thus obtained will be comparatively close to 
a minimum for delivery costs, provided the seasonal 
variation of average daily number and character of 
deliveries do not fluctuate violently from one planning 
period (e.g., year) to the next. If the annual variation 
is great, the problem of optimizing fleet size may be 
complex indeed, because forecasts of the seasonal 
variation of average daily volume alone are not 
sufficient. Changes in the character (i.e., destination 
and related volume of goods) of deliveries may have 
to be forecast. 


Regardless of how well an optimum fleet size can 
be determined, it is important to have an approxi- 
mately optimum daily decision rule for assignment of 
deliveries between private truck and common carrier. 
The operating decision to be made arises day by day, 
no matter how well the decision for investment in 
company trucks has been made, and considerable 
funds may be at stake, particularly in the case study 
presented here, where delivery costs are a substantial 
part of total costs. The largest savings may be derived, 
in some instances, from correctly assessing the optimum 
size of private truck fleet. 
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1. the actual case studied 

The manufacturer produces glass containers such 
as milk bottles, canning jars, beer bottles, wine 
bottles, and soft drink bottles. 

The product is low density, high bulk and usually 
delivered in truckload lots, or multiples of the same. 

Customer orders are demands for receipt of goods 
on a particular day, requiring delivery sometime 
during that day. Since the demands for deliveries have 
pronounced seasonal, as well as daily variation, it is 
impractical to have a private truck fleet of sufficient 
size to serve all possible daily deliveries. Hence, each 
day, deliveries have to be scheduled between company 
trucks and common carrier. 

The area served is such that no delivery requires 
more than one shift (i.e., 8 hours) delivery time, and, 
since orders for delivery are demands for receipt on a 
particular day, the scheduling problem is one of daily 
local deliveries. 

Less than truckload orders are rare and may be 
easily combined into single deliveries at adjacent 
destinations. In other circumstances, where orders 
are predominantly less than truckload lots, the com- 
bination of orders into deliveries for assignment to a 
particular truck raises a travelling salesman-like 
problem which requires special study not undertaken 
here. Then the scheduling problem requires assign- 
ment of orders into single deliveries as well as sche- 
duling of such deliveries between private truck and 
common carrier. 

For the case at hand, no distinction is made between 
the drivers and the various hauling units of the private 
fleet because wages of drivers, characteristics of trucks 
and operating costs are essentially homogeneous. 
Hence the matching of a particular fleet unit and 
driver to a particular delivery is not important. 

No restriction is placed upon the availability of 
common carrier, because ample services of the same 
are readily obtainable, barring strikes of truck 
drivers. 

The company drivers are paid wages on an incentive 
basis as follows: each driver receives a common guar- 
anteed daily base pay, whether he drives a truck or 
not during the day, and there is one driver for each 
company truck. These guaranteed base wages of 
drivers are regarded as fixed costs for the operation 
of the company fleet. In addition to the base pay, each 
driver receives an incentive pay for the deliveries he 
makes, computed as the product of the hourly 
incentive rate (common to all drivers) and the 
standard time for the delivery determined realistically 
as the time required to make the round trip from 
manufacturer to customer. The drivers adhere rather 
well to the standard delivery times in order to get the 
largest daily wage. This incentive system serves to 
provide Management with a means of regularizing 
the performance on delivery as well as inducing the 
drivers to work efficiently. Driver wages on second 
shift work have an hourly increment, paid for the 
standard hours worked. 

Truck loaders are paid on a similar incentive basis, 
so that the actual times required for loading and 
making deliveries are stable and well known. For the 
purposes of this study the entire operation of loading, 
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driving, unloading and return to plant may be treated 
as a single delivery operation, with “ variable ’” wage 
costs well determined in terms of incentive rates and 
standard times for the operation. 

Other variable costs and fixed charges are deter- 
mined in accordance with standard accounting 
procedures. 

The variable costs for delivery by common carrier, 
ie., the charge made for delivery, are regulated by 
the State Public Utilities commission and determined 
from standard rate tables. Details of these tables will 
not be described here, but it is important to indicate 
that the charges do not follow closely the direct costs 
for making the individual deliveries. 

Fixed charges for deliveries by common carrier 
include the costs of the traffic department devoted to 
placing orders, receiving billings and making payment 
for use of common carrier. A special staff is devoted to 
this work. 

The fixed charges of operating the private truck 
fleet and using common carrier will depend upon the 
size of the private fleet, and ample cost data exists to 
estimate the variations of these fixed costs with size 
of private fleet. 

As an indication of the scale of delivery activity, 
the total costs of delivery, both private fleet and com- 
mon carrier, ran about $1,000,000 annually, divided 
about evenly between private fleet operation and 
common carrier. The company owns 26 trailer trucks. 

By use of near optimum scheduling practices it is 
estimated conservatively that 5 to 10 per cent savings 
or $50,000 to $100,000 can be gained, and these 
savings are expected to be increased as the manu- 
facturer adjusts his fleet to approximately optimum 
size. 


2. the cost function for deliveries 


For a given company fleet size N, consider a 
particular day, arbitrarily, and let: 

(1) Ki(N) = daily prorated amount of annual fixed 
costs allocated or imputed to company 
fleet operations. 

(2) Ke(N) = daily prorated amount of annual fixed 
costs allocated or imputed to use of 
common carriers. 

The quantity K,(N) is taken to include the daily base 

pay of company drivers as well as standard overhead 

items, while K2(N) includes only standard overhead 
items, and the proration is made without consideration 
of the daily variations of delivery activity. Thus, the 
supply of company drivers is not adjusted to the daily 
fluctuations of deliveries required and the assignments 
made between company truck and common carrier. 

Also, idle company drivers cannot be applied to other 

tasks, by union agreement, and their base pay may 

not be charged to other company operations. 
For the ith delivery on the particular day (7 = 1, 
z+ <6 Mh, meee 


(3) C,*(N) = variable costs for first shift company 
delivery. 

(4) €,*(N) = variable costs for second shift company 
delivery. 

(5) Cet = variable costs for common carrier 
delivery. 


The variable costs Cj‘(N) and C,‘(N) include in- 
centive pay as well as operating costs chargeable 
directly to the delivery, and they are related by: 
(6) Cyt(N) =C(N) + R.T;, 

R>0 


oo ee. 


where 

(7) R =/incremental second shift pay per hour, 
exclusive of incentive pay. 

(8) 7; = total standard time, in hours, for a com- 


pany truck to make the ith delivery on 
either shift. 

The pro-rated fixed costs Ki(N), K2(N) obviously 
depend upon company fleet size N. No distinction is 
made between the various units of the company fleet 
and the number of trucks N adequately measures 
fleet size. 

The variable costs C,#(N) and C;‘(N) are taken to 
depend upon private fleet size N, because as N 
changes (historically or hypothetically) the mix of 
trucks in the company fleet may vary, possibly 
resulting in significantly different operating costs. In 
such case, the individual trucks are not distinguished, 
but only the average variable cost of delivery over the 
various fleet units is altered. 

The variable costs C2‘ for common carrier delivery 
are fixed by the established rate structure and do not 
vary with N. 

Total delivery costs for a particular day are 
calculated by: 


(9) C(N) = Ki(N) + Ka(N) + 
¥ (Git(N) 00 + C(N)Br + Cxt(1 — ax — 8] 


where a, 8; are assignment variables satisfying 
1 if a company truck on first shift is 
(10) a used (¢ = 1, 2,...8) 


| 0 otherwise 


1 if a company truck on second shift 
(ll) fe= is used (s = 1, 2,...8) 
0 otherwise 
(12) agp; = 0 (i = I, 2,...8) 
(13) >» «aT: S T(N) 
i=1 
(14) > BT: S T(N) 


i=1 
The quantities T(N) and T(N) denote the total 
number of delivery hours available per day on the 
first and second shift respectively, and they obviously 
depend upon private fleet size N. 

Generally 

(15) T; = T(N) s T(N) 

with the inequality holding between T(N) and T(N) 
if maintenance is done primarily on the eae shift. 


3. least cost assignment of deliveries 


The optimum assignment of daily deliveries 
between private fleet and common carrier is given by 
those values of aj, B; satisfying (10), . (14) which 
minimize (9). In this optimisation the parameter N 
is treated as a fixed quantity, and for practical 
application fleet size will not be altered except at 
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predetermined intervals covering planning periods. 
However, the dependence of optimum scheduling 
upon fleet size must be known, if optimum fleet size 
is to be analysed. 

This optimisation is not a simple linear pro- 
gramming problem ('), because of relations (12) and 
the discreet nature of the assignment variables as 
indicated by conditions (10) and (11). Recent work 
on integer solutions, (7) and (%) is not evidently 
applicable, not expeditious. 

Recursion methods, described by Bellman as 
Dynamic Programming (4), have been suggested for 
problems of this type, but not investigated in detail to 
examine computational problems and feasibility of 
obtaining simple decision rules, albeit approximate. 
Since the scheduling has to be done daily and analysis 
of optimum fleet size involves calculations over many 
days (e.g., those during a past year) it is obviously 
important to obtain a simple rule for scheduling, 
although perhaps not mathematically exact, and, if 
an approximate rule is used, it is important to know 
a bound upon the deviation from true minimum cost 
thereby entailed. 

For the treatment of the scheduling problem by 
dynamic programming it is convenient to reformulate 
the mathematical statement of the problem as 
follows : 

Express the cost function (9) as: 


(9.1) C(N) = Ki(N) + Ke(N) + ¥ Ce! — 
n i=—1 
— ¥ lhcat — GHnylas + (C2! - CN) 1A 
i=1 


from which it may be seen that the minimum of (9) 
may be obtained by maximising: 


(16) 
S(N) =) {[Cot —Cit(N) Jo + [Caf — Ci(N) 1B} 
i=l 


The first three terms of the equivalent cost function 
(9.1) represent daily delivery costs if common carrier 
is used for all deliveries, and the maximum of ex- 
pression (16) represents the savings which can be 
made by optimum assignment of deliveries to com- 
pany trucks. 

Next make a change of variables by defining: 


(17) Xi = GT; (2 = are 
(18) Y; == £75 (s = i 
and write (16) as: 
(16.1) S(N) =} (AiXi + BrYi) 
{=] 
where 
sf _ Cit 
(19) Pe. tek ee 
T; 
tf _ Cit) 
(20) a a Gis: 
t 


Then the optimum daily assignment of deliveries is 
given by values of X;, Y; which maximise (16.1) and 
satisfy 
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(7 if company truck on first shift is 

(10.1) X= used (a we 1,2, ...2) 
lo otherwise 
( T; if company truck on second shift 
is used (¢ = 1, 2,...2) 

| 0 otherwise 


(12.1) X;¥;=0 


(11.1) ¥,= 


Me 
& 
IIA 
a 
Ss 


(13.1) 


1 
Ls 


(14.1) y 


< 
IA 
= 
k 


The mathematical formulation of the daily sche- 
duling problem is now ina form convenient for study 
by dynamic programming. In this study, to follow, it 
is important to observe the special structure of the 
function (16.1) which is to be maximised, if a simple 
rule is to be found. Mathematical details will be 
discussed in the next section, showing that an exact 


~ calculation is prohibitive, and a simple approximate 


scheduling rule will be developed with a bound given 
on the deviation from the maximum value of (16.1) 
thereby entailed. Then in a following section this rule 
will be stated in simple operational terms. Finally 
the analysis of optimum fleet size will be discussed. 
The non-mathematically interested reader may skip 
the next section and proceed to the following 


paragraphs. 


4. mathematical details 


The coefficients A;, By represent differential variable 
costs per unit of common carrier delivery over private 
fleet delivery for first and second shift private fleet 
operation respectively, and the special structure of 
the objective function (16.1) may be observed by 
noting that, if the deliveries are ordered so that: 


(21) A, 2 Az 2 Ag... 2 An 
the resulting order of the coefficients B; is such that 


(22) B, & Bs 2 Bs... 2 Bu 


because, by virtue of (6), (19), (20) and (21), 
(23) By = 
Cot —G(N) _ Cot — GAN) 
“y T; ng T; 
=Ay—R2 Ay —R= Buy 
Also, with this ordering 


a 





(24) Ay > Bi ie a Se) 
since A; = B; + R and R >O. Hereafter, the daily 
deliveries will be assumed to be ordered so that (21) 
and (22) hold, as well as (24). 

Now, to return to the solution structure of the 
assignment problem as one of dynamic programming, 
define for any positive integer k (1 S$ k S n) 
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(27) 
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(14.2) 








(25) fe(T(N), T(N)) = 


max [> (AyX4 +- B; vo| (k = I; 3 +e. n) 


— (XiYi) i=1 
inl, 2,...2 


with the variables X;, Y; (i = 1, 2, .. . &) restrained 
to equations (10.1) . . . (14.1) in which n is replaced 
by k. Starting with fi, the functions of /, may be 
computed recursively until f, is obtained, and the 
values found for X;, Y; (¢ = 1, 2, .. . n) correspond- 
ing to f, define the optimum assignment of deliveries 
between private fleet and common carrier. Hopefully, 
each function f/; and the corresponding assignments 
a, 1G =1,2 . k) may be determined from 
that made for f;-1, starting with f/; and progressing 
to fn, with less effort than is required to determine 
the optimum assignment for n deliveries without 
examining the dependence of the solution upon the 
number of deliveries. If there is a simple rule for 
assignment of deliveries, it is expected that such a rule 
may be displayed by a recursive calculation which 
traces the effect of the number of orders n. Also the 
effect upon the solution, as boundary conditions, of 
having T(N) and T(N) delivery hours available with 
the private fleet on first and second shift, may be 
examined simultaneously. 

The general structure of this recursive calculation 
may be expressed as follows: 

For each positive integer k satisfying (1 
let 


Sk <n) 


(26) X(T(N), TIN)]; = Ye [T(N), TN] 


(¢ = 1,2,...8) 

denote the values of X;, Y; determining /;[7(N), 
N)]. These values may depend upon the number 
of deliveries k and delivery hours T(N), T(N) 
available with the private fleet, and this dependence 
is so indicated. Then we may represent /;[7(N), 
T(N)] recursively in terms of f,-1[7(N), T(N)] by 


(27) fe(T(N), T(N)] 


= max An Xe + -BeYp + 
(Xk Yu) 
+ fei{T(N) — Xz, T(N) — Y]| 


with the variable pair X,, Yx restrained in this 
maximisation to satisfy 


(10.2) Xe = (Gt 
(11.2) i ry 
(12.2) a 
(13.2) Xp < T(N) — 
k=1 
— ¥ XtY[T(N) — Xe, T(N) — Ye 
{=1 
(14.2) < T(N) — 
k=1 


— X,, T(N) — Yx] 


— ¥ ¥*-Y[T(N) 
i=1 


where the quantities X;‘*—!)[T(N) — Xx, 7 N) — ¥Y*}, 
Y;*-)[T(N) — Xz, T(N) — ne Se eee 
(k — 1)] determining f;-1[T(N) — Xz, T(N) — Ye] 
are solutions of (25) for (k — i, using the restraints 
(10.1)... (14.1) with n replaced by (&k — 1) and the 
right sides of (13.1) and (14.1) replaced by 
[T(N) — X~] and [T(N) — Yx] respectively. 

It is clear, from the linear nature of the right side 


of (25) and resulting separability of variables, that 
if 


(28) > T; $ T(N) s T(N) 
equation (27) nay be simplified to: 
(27.1) felT(N), TIN) =SfealT(N), T(N)] + 
+ max (AgXE + BrYx) 
(Xk, Ve) 


because the solutions X,‘*-!), Y,(*-)) [i = 1, 2,... 
(k —1)] defining f;-1 will not depend upon X; 
and Yx,, since the restraints (13.1) and (14.1) (with n 
replaced by k) are not effective. Neither are the 
restraints (13.2) and (14.2) effective for the maximisa- 
tion with respect to the variable pair X,, Y, indicated 
in the second term on the right side of (27.1). Then, 
up to the largest positive integer k for which (28) 
holds, the calculations of the functions f; (k = 1, 2, 
. . . k) and resulting optimum assignments Xj, Y; 
(t = 1, 2,...) are particularly simple. Specifically, 
due to the inequalities (21), (22), (24) and the 
restraints (12.1), 


(29) fol T(N), T(N)] = ¥ GAtT 
i=1 
_ {Lif Ay > 0 
“i = \0 if A; < 0 
(vo = 1, 2,...&) 


and the corresponding optimising values of the 
quantities X;, Y; are 


(30) Xi = iT: Y; = @ 

(i == 1,2,...9) for (09 = 1,2, :..8) 
It may be noted that for this simplification condition 
(28) may be weakened by dropping the middle term, 
because due to (24), no assignment to second shift 
private fleet delivery will be made in preference to a 
first shift delivery, when the applicable A; > 0, and 
neither will B; > 0 when A; < 0. 

If condition (28) (with middle term omitted) holds 
for k equal to n, the solution of the problem of 
assigning deliveries between private fleet and common 
carrier is simple and immediate. It is given by: 

(31) ag. = Oe, i = (ear), 2 a) 
, _ flifA;>0O 
“= \Oif A s 0 
obtained from (30) by putting & = n and using (17) 
and (18). The corresponding cost of making the n 
deliveries for the particular day considered is 


(32) C(N) = Ki(N) + Ke(N) + 


+ > (&C*(N) 


i=1 


+ (1 — &%)Ce‘) 
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If condition (28) (with middle term omitted) fails 
for k equal to n, but holds for some positive integer v2 
such that 


(33) vg 2 Y 
where 2 is a positive integer for which 
(34) Ay, > 9, Ay,41 S 0 


then the solution (31) still holds. This conclusion is 
verified as follows: since Ay,,1 < 0, it follows from 


(21) that all succeeding coefficients A; will be non- 
positive, and from (24) it follows that Bj < 0 when 
(@=H%+1, 4» +2,... 2). For these non-positive 
coefficients, it is clear that the maximum of the sum 
in (16.1) requires that the corresponding factors 
Xi, Ye (ti = 4 +1, + 2,...n) uniformly take the 
admissable zero values. Hence the maximum of (16) 
becomes: 
max S(N) =fy,[T(N), T(N)] 
t=1,2,...) 

and the simplified form (27.1) may still be used for 
fe,{T(N), T(N)], because (28) holds for k equal to 2}. 
Consequently, the solution (31), (32) still holds. We 
need only observe that: 


(35) & =1 for (§ =—1,2,...a), 
&=0 for («= +1,...n) 


If the largest integer for which (28) holds (with 
middle term omitted) say v2, is such that: 


(33.1) vg < UY 


where 2 is an integer for which (34) is obtained, our 
difficulties commence in getting the optimum assign- 
ment of deliveries. Under these circumstances we are 
required to use the more complicated form (27) in 
the calculation of the functions f; for (ve <k < ), 
necessitating for each k in this interval a re-examina- 
tion of the assignments made previously for /,-1, 
treating these assignments as well as the function 
Se-1 as dependent upon X;, Y,. It is possible, for 
example, to increase the value of f,,,; over what it 
would be if X,,:1 were taken zero and Y,,4; were 
taken equal to Ty,41, by taking Xy,4; = Ty,41 and 
putting one or more values of X; equal to zero with 
corresponding Y; = 7; for i = v2, supposing through- 
out that the alternatives employed do not violate the 
applicable form of the restraints (13.1) and (14.1). 
The examination of all of these possibilities, succes- 
sively, for all values of k in the interval (ve << k S 1») 
is complicated and not obviously warranted by the 
increase in the value of $(N) thereby obtained, 
especially in view of the approximate validity of the 
values of the coefficients A;, Bj, which in any applica- 
tion are at best estimates: of the cost parameters 
defining the actual practical situation studied. 


approximate solution 

Instead of pursuing the exact optimum assignment 
of deliveries between private fleet and common 
carrier, we may seek an approximate solution 
consistent with a simple rule for assignment of 
deliveries, provided the diminution of the maximum 
value of S(N) thereby sustained is kept within a small 
bound. 
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First, we may observe that there is no advantage to 
using second shift deliveries in place of first shift 
deliveries, because of (24), unless the loss entailed is 
more than offset by the savings to be derived from 
using unallocated first shift time which is thereby 
accomplished. The potential gain to be obtained by 
such substitutions for all iterations in the interval 
(ve <k S y) is bounded by: 


(36) Aral T(N) — YT 


This bound is verified as follows: the unused first 
shift time for the assignments yielding f,, equals the 
bracket in (36) and for all succeeding functions 
Sk(ve <k S my) substitutions of assignments between 
first and second shift cannot provide additional use 
of first shift time beyond this amount. Also the largest 
possible saving per unit time for this unallocated first 
shift time is given by the coefficient A,,+1, due to the 
inequalities (21), (22) and (24). Consequently the 
bound (36) holds. 

Hence, with a loss which is at most given by (36), 
the unused first shift time related to the assignments 
defining f,, may be ignored for all subsequent 
calculations of the functions f; for (ve <k S 0). 

Having mad this approximation, we may use the 
assignments (31)> With n replaced by 2, for first shift 
deliveries, and Proceed to examine separately the 
profitable assign™ents of deliveries to second shift 
private fleet oper@ton. Because of (21), (22) and (24), 
there will be an i®teger #1 < v such that: 


(34.1) B,,>90, Buus 


Then for integral values of k in _ the interval 
(vg <k Sn), equation (25) may be written approxi- 
mately as: 


+ max | Y B; v, 
oe i=ve+1 


where the variables Y; satisfy (11.1) and are re- 
strained to 


(37) y ¥,<T(N) for (K =v2+1,...n) 


i=ve+1 


IA 


This separate treatment of second shift deliveries is 
made with an error from the true maximum of (16.1) 
which is bounded by expression (36). “A 

If 4; < ve, no assignment of second shift deliveries 
is profitable and the solution of the scheduling prob- 
lem is given by: 


= | : 
(31.1) Bs =o tr G=1,2,...2), 
fa; =O 
If x; > ve and condition (37) holds for Y; = 7; 


and k = ,, the exact computation of the functions 
fe[T(N), T(N)] given by (25.1) is immediate for the 


for (i =v. +1,...2n) 
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range (vg <k <n), since, by virtue of (22), the 
assignments of second shift deliveries maximising the 
second term on the right side of (25.1) are evidently: 


(38) B, = 4, (§ = og + 1,... 
A Ti & &>s 
‘~\0 if B <0 


k), (k = ve ++ Ey veclhy 


Then the solution of the scheduling problem is given 
by: 


(31.2) hae for (i =1,2,... 08); 
=O . 
A, — di for (t =ve+1,...n) 
v=(o if By <0 


If the largest integer for which (37) holds with 
Y; = Tj, say pg is such that: 


(39) vg << pe < pI 


then we encounter boundary difficulties similar to 
that described above for first shift deliveries. Again, to 
avoid the complications involved in the interests of 
a simple rule for scheduling, we may ignore the 
unused second shift time related to the assignments 


giving: 
te 
max Y B; v,| 
; 7% i=ve+1 
(i=ve+1,... Uwe 


and use 
= | ‘ 
(31.3) \g = 0 ie Ge Qs. a) 
= 0 ‘ 
a1 for (t =vo2 +1,... pe) 
le, =o for (it =pe+1,...2n) 


as an approximate solution to the scheduling problem. 
This approximation is made with a decrease from 
the maximum value of (16.1) which is bounded by: 


y Ti) 


i=ve+1 


(40) Byyvi (T(N 


The foregoing arguments may be summarised by 
the following theorem: 
Order the deliveries so that the cost coefficients 


Aj, B; satisfy: 
Ag = = As. me An- 1 


A, 
B, = Bo = Bs. Bh 


Let v; be an integer such that Ay, >0 and Ay,1 £9 


“INV na 


vg be the largest integer k such that y Ti = T(N), 
eas 


(0 Sk Sn) 

v* = min(y, v2) 

pi be an integer such that B,, >0 and 
Buz SO (wi S 1) 

pe be the largest integer & >v* such that 


y 1% < T(N) 


i=v*+1 


w* = Min(p1, p2) 
_fl if vw =xw2A~y 
1“ \o if vw =y 


_ fl if p* =pe 
= \0 if p* =m 


fh £ meas 
“3 = \0 if mS 2* 


Then, with an error from the minimum of total daily 
delivery costs bounded by: 


-¥ 7% + 


+ wiwewsByes1 (T(N) — Y 1%) 


i=v*+1 


(41) W142 Ayesi(T(N 


approximately optimal assignments of daily deliveries 
are given by: 
(I) when yp S v* 


(42) as a (i= I, 2, ...9*) 


i= 


] 
0 
fa; = 0 

1B = 0 for 
Be 


(II) when py > v* 
43 fag = | 
(43) ry ut for (= i, 2, v*) 
ja; = 0 
(a = 1 for (¢ =v* + 1 p*) 
fa; —0O , 
2, = 0 for («= p* + 1,...n) 


and total delivery cost is given by: 


(44) soa ina 
+ i Cyti(N 


= Ki(N) + Ka(N) 


5. the approximate scheduling rule 


For each delivery during a particular day compute 
the coefficients: 


Cot — C,#(N) 
T; 
for the first shift delivery, and also the coefficients: 


“fh Cpt] . 
ON hr 6 a 
T; 


for second shift delivery. These coefficients represent 
differential variable costs per unit time of common 
carrier delivery over private fleet delivery for first 
and second shift private fleet operation respectively. 

Then array the deliveries in descending order or 
algebraic magnitude of the coefficients A;. The array 


A; = 


B,; = 


635 





so found will also be one for which the coefficients B, 
are likewise in descending order of algebraic value. 

Schedule the deliveries so arrayed to first shift 
company truck delivery if the corresponding coeffi- 
cient A; is positive, up to that delivery where no 
further first shift capacity exists. If all deliveries can 
be so scheduled on the first shift the work is finished. 
If not, proceed to schedule the deliveries on the second 
shift for all those for which the corresponding coeffi- 
cient B; is positive, or until second shift capacity is 
fully utilised. Those deliveries not so scheduled to 
either first or second shift.as a company delivery are 
to be assigned to common carrier. 

The foregoing approximate scheduling rule deviates 
from a true minimum cost only when there is a 
delivery for either first shift or second shift company 
delivery, with positive coefficient A; or Bj, which 
cannot be met by the unscheduled company delivery 
time available. This deviation is bounded by the 
product of the unscheduled time and the correspond- 
ing coefficient A; or B;. Evidently these quantities are 
a small part of total costs, being less than the excess 
of the costs of common carrier delivery over the 
variable costs of private fleet delivery, for only the 
two deliveries involved. 


6. optimum fleet size 


The notion of optimum fleet size has_ useful 
operational meaning only with respect to some 
specific planning period, because orders for delivery 
are neither stationary over time nor controllable by 
the supplier. Preferably this period of time should be 
compatible with an estimation or computation of cost 
factors and an orderly alteration of fleet size. If the 
estimations reflect operating conditions and are not 
forecasts, the planning period will be one in retrospect, 
say the past year of operation. During such a period, 
and likewise for a future period, deliveries will vary 
considerably from day to day, in both number (n) 
and relative profitabilities A;, Bj. The total costs of 
operation for the year, for any hypothetical fleet 
size N, are given by an annual sum of daily costs given 
by expressions like (9.1). Consequently a comparison 
of total costs, in retrospect, for various alternative fleet 
sizes N, cannot be made rationally without an internal 
daily decision rule for optimum assignment of 
deliveries between private truck and common carrier, 
and this rule will depend upon N, as well as the 
number of deliveries (n) and the profitability coeffi- 
cients A;, B; for each day. 

The approximate recursive solution given in the 
previous section is naturally adapted to this problem, 
and the simple rule provided will enable a tabulation 
of total delivery costs as a function of fleet size N, 
from which a cost minimising value of N may be 
estimated. Then purchase or retirement of private 
fleet trucks may be made from one retrospective 
planning period to the next, as a control on the total 
costs of making local deliveries. The control thus 
obtained will be comparatively close to a minimum 
for delivery costs, provided the average daily number 
and character of deliveries do not fluctuate violently 
from one planning period to the next. 
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If the annual variation is great, the problem of 
optimising fleet size may be complex indeed, because 
forecasts of average daily volume alone are not 
sufficient. Changes in the average composition (i.e., 
the cost coefficients A;, B;) will also have to be 
forecasted, unless the annual sum of the daily maxi- 
mum values of expression (16) is a small part of the 
annual sum of the daily values of expression (9.1), in 
which case the optimum fleet size N is close to zero 
and the adjustment of fleet size is more or less 
academic. 

Regardless of how well an optimum fleet size can 
be determined, it is important to have an optimum 
daily decision rule for assignment of deliveries 
between private truck and common carrier. The 
operating decision to be made arises day by day, no 
matter how well the decision for investment in 
company trucks has been made, and considerable 
funds may be at stake. 


7. remarks on recursive solutions of 
scheduling problems 


The possible advantages of a recursive method of 
solution over a linear programming approach to 
scheduling problems are well illustrated by the fore- 
going analysis. When the items to be scheduled vary 
considerably from one decision period to the next and 
the optimum assignment thereby changes, a short and 
highly repetitive decision period will make unfeasible 
an application of linear programming, because of the 
large volume of complex calculations thereby re- 
quired, particularly when the variables involved have 
the usual discreet character. 

Recursive methods, which have come to be known 
as dynamic programming, due to the work of Bellman, 
offer the best opportunity for analysis, since the 
dependence of the solution upon the number of items 
to be scheduled, and other significant parameters like 
fleet size N in the present problem, can be investigated. 
But often such solutions, if exactly made, involve a 
tremendous volume of calculation — no less than that 
of linear programming. What is needed then, is more 
careful study of the structure of the function to be 
optimised, and the use of good approximate solutions 
which execute the essential features of the optimisation 
and provide simple decision rules for operation. 

In the problem at hand, the dependence of the 
solution upon fleet size N, which is important for the 
study of optimum fleet size, is clearly exhibited. 
Starting with N small, relative to the number of 
deliveries (n) and numbers x, s of profitable 
deliveries by private fleet, and assuming that v; and jy 
are generally non-zero (which is reasonable because 
otherwise the optimum fleet size is zero and we have 
no problem), deliveries will be made on both first and 
second shift up to the capacity of the private fleet, 
with assignments made consecutively for the deliveries 
ordered so that relations (21) and (22) hold. Then 
as N is increased, more deliveries will be made on 
first shift, with second shift deliveries decreasing to 
zero, in accordance with relations (42) and (43), until 
eventually there is excess private fleet capacity on 
the first shift for profitable deliveries and thereafter 
the assignments are unaffected by fleet size. On this 
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basis, a calculation of the relation between total annual of Section 4, is clearly justified, and the maximum 


delivery costs and fleet size can be made by summing possible error from minimum cost thereby engendered 
the costs for daily optimum assignments. The use of may be determined from expression (41) and balanced 
the approximate solution, summarised in the theorem against the accuracy of the input data used. 
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BRITISH CONFERENCE ON AUTOMATION AND COMPUTATION 


“AUTOMATION - MEN and MONEY” 


to be held from 27th - 30th June, 1961 


This Conference will be of interest to all in the general management and specialist 
fields in industry and commerce. It is to be sponsored by those bodies which form 
the membership of Group “C”, a sub-committee of B.C.A.C. : 


The British Institute of Management Institution of Production Engineers 

Department of Scientific & Industrial The British Productivity Council 
Research The Trades Union Congress 

Institute of Cost and Works Institute of Personnel Management 
Accountants Tavistock Institute of Human Relations 





The programme will be of three days’ duration, commencing with a plenary session 
and reception in the evening of the opening day, and concluding with a second 
plenary session in the morning of the final day. It is proposed to hold sectional 
meetings in the morning of each day, and that these will take the form of four 
series of meetings running in parallel. 


The final plenary session will consist of an address by Sir Walter Puckey, Past 
President of the Institution of Production Engineers. 


Further details of the programme will be announced as they become available. 


THE VALUE OF 


THE CONTROL OF PRODUCT QUALITY 


by F. NIXON, B.Sc.(Eng.), F.R.Ae.S., M.I.Mech.E., M.1.Prod.E. 


President, European Organisation for Quality Control; 


Chief Quality Engineer, Rolls-Royce Limited. 


A Paper presented to the E.0.Q.C. Conference held in London, 
1st - 3rd September, 1960. 


“N° man’s opinons are better than his informa- 
tion.” That was said by Jean Paul Getty when 
he was asked not long ago what had contributed to 
his outstanding success in the business world. 

The method followed by Mr. Getty is, in fact, that 
which is the fundamental basis of the Control of 
Product Quality — obtain the best and most reliable 
information possible, use it to arrive at a decision, 
and take action accordingly. 

This has been appreciated and put to effective 
use already by some firms in Britain — large firms 
on the whole, and occupied in the main in the process 
industries. Abroad, particularly in the United States, 
Japan and India, its adoption has been wider. Indeed, 
in the United States formal methods of Quality 
Control are a Government requirement for all 
contractors. 

All these concerns are hard-headed, and if they 
have realised that they cannot afford to be without 
Quality Control, how much less can all those 
thousands of smaller firms, who in the aggregate con- 
stitute by far the greater portion of industry? 
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This is a matter of vital importance, not only to 
the firms themselves, who are ignoring an easy and 
effective way of reducing their production costs, but 
also to the large firms who depend upon the smaller 
firms, often upon large numbers of them, working 
either as sub-contractors, or as suppliers of some 
special piece of equipment. Indeed, it is not going 
too far to say that the prosperity and the safety of 
a nation depend upon the quality-mindedness of its 
industry as a whole. 

Only three months ago the Federation of British 
Industries showed how the further expansion of 
industry was being limited by the shortage of skilled 
labour, and by rising production costs. The existing 
labour force can be made more productive, and costs 
can be lowered, simply by ensuring that a greater 
proportion of the output is made correctly the first 
time. When it is realised that our direct production 
operatives are each making between £100 - £300 
worth of spoilt work per annum, priced at Factory 
Cost, we can see what can be achieved by controlling 
product quality. 
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This Paper is addressed therefore to those who are 
responsible for that depressingly large proportion of 
industry which has, as yet, tailed to recognise the 
value of the control of the quality of its products. 


the present situation 

Why is it that this situation exists? 

Many of the large firms whose names are house- 
hold words have been practising Quality Control for 
years. 

The pioneers of 30-odd years ago, Dr. Dudding, of 
the General Electric Company in Great Britain, and 
Dr. Shewhart, of the Bell Telephone Company in 
the United States, stated the case simply and clearly 
enough. Dr. Dudding said that Quality Control was 
95°/, an attitude of mind, and Dr. Shewhart re- 
iterated the important part played by the intuition 
and judgment of the engineer. 

Unfortunately, as it has turned out, many of the 
early successes of Quality Control were in fields in 
which statistical methods were able to play an out- 
standing part. Applications to the control of the 
dimensions of machined parts being produced in large 
numbers, to cartridge cases produced in millions, and 
to the control of continuous processes, as in the 
brewing, oil, chemical and textile industries, were so 
successful that their practitioners tended to overlook 
these earlier dicta. Flushed with their success, they 
were inclined to consider the statistical means as the 
universal panacea. Quality Control, and Statistical 
Quality Control, became synonymous, and valuable 
as it can be, in the right circumstances, it is felt that 
undue emphasis upon S.Q.C. has militated against the 
earlier and wider application of the value of the 
control of product quality in its true sense. 

If we consider for a moment industry as a whole, 
we find that 98° of the firms engaged in manufac- 
turing in the United Kingdom employ fewer than 
1,000 people. Many of them are engaged mainly or 
wholly in batch production. Nearly all of them are 
suffering from a serious shortage of technically- 
trained engineers. In quite a large number of them it 
will be found that the Chief Inspector is held of 
little account, since his function is looked upon as a 
necessary evil, quite definitely non-productive, if not 
in fact anti-productive. 

To advocate that these firms should adopt 
statistical control methods, willy-nilly, is likely to 
produce an antipathetic reaction. The personnel, 
from Chief Inspector to Chief Executive, will cer- 
tainly be extremely busy men. Their mathematics 
will be rusty, if not actually corroded through, and 
there will be the natural suspicion that here is a 
cranky method which cannot fail to increase the 
overheads. 

It is indeed unfortunate that this emphasis on 
statistics has blinded so many people to the essential 
need, in every business enterprise, for the collection of 
accurate information on which to base appropriate 
action. This is the essence of Quality Control, in 
which statistical methods can sometimes be a useful 
tool. Where their use is appropriate, it will usually 
be found that simple Do-It-Yourself statistical 
methods will suffice for most purposes. 


the control of product quality 

The full control of product quality, however, is a 
much wider matter than has been suggested by the 
advocates of statistical quality control. 

It is proposed to consider first why there is this 
urgent need for Quality Control, then to describe 
what it is in the present concept, how to implement 
it, and what returns can be expected from its 
adoption. 


why is it necessary to control product quality ? 

Every manufactured product, no matter to what 
extent the production process may have been auto- 
mated, depends at some stage upon the efforts of 
individuals. And just as no two individuals are evér 
exactly alike, so also no two manufactured products 
will ever be identical. The individual components 
of any production batch will vary, sometimes pre- 
dictably, sometimes unpredictably. 

It is in his appreciation of the inevitability of 
variability in the product, and in proffering methods 
for the detection, the study and the control of that 
variability, that the statistician has rendered such 
signal service. It was once sufficient to leave the con- 
trol of this variability to the craftsman, and it is 
interesting to look back upon the efforts of the Craft 
Guilds, which were amongst the early practitioners of 
Quality Control, and indeed more largely concerned 
with setting standards of training and performance 
which would maintain their trade in good repute. 
As it is understood today, however, the Control of 
Product Quality requires a discipline and an organised 
approach which have been made necessary by modern 
conditions in industry. 

The struggle for markets has led to a great increase 
in the rate of introduction of new designs of product, 
and great pressure is put upon all concerned to pro- 
duce at a lower price than one’s competitors. Gone 
are the days when a design, having reached a satis- 
factory stage of development, remained in series 
production for several years, so that the skilled 
personnel engaged in its manufacture could become 
thoroughly experienced, and the reputation gained 
was quite sufficient to maintain an adequate order 
book. 

Today, one design suceeds another with bewilder- 
ing rapidity. Each must be tooled and in production 
in the minimum time in order to catch the market. 
Considerations of economy as well as the enormous 
increase in the scale of manufacturing industry have 
led to heavy dilution of the skilled labour formerly 
employed. And, finally, the intensified competition as 
underdeveloped countries become increasingly indust- 
rialised and enter the field means that, more than 
ever before, regard must be paid to the economies 
of manufacture. 

All this has resulted in a greatly increased tempo. 
No longer is there time available to get into the 
swing. Maximum economy and maximum efficiency 
must be attained as quickly as possible, and main- 
tained throughout the production run, despite the 
fact that the labour is less skilled, and that it is 
continually being confronted with new problems and 
techniques. 
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The solution is to have an organised approach to 
the problem, in parallel with the other organised 
disciplines which have been adopted by progressive 
managements, and it is here that Control of Product 
Quality is able to make such. a valuable contribution. 


what do we mean by the control of product 
quality ? 

It is a pity that there is no satisfactory alternative 
to the word “quality”. Dr. Liisser, a leading 
German authority, prefers “ reliability ”, but the over- 
all aspect of the concept must carry with it the 
connotation of value. Hence we are considering today 
the Control of Product Quality in its broadest sense, 
ds a practice which has as its objective the achieve- 
ment of requisite quality of product, at minimum cost. 

This last phrase describes the prime purpose of 
every industrial organisation. Let us examine in 
detail what it involves. 

Requisite quality is taken to mean that level of 
quality which will satisfy the customer, at the price 
which he is called upon to pay. No one who is in 
business for profit desires to give the customer more 
than he has paid for. Equaily, no one who wishes 
to remain in business can afford to sell to the custo- 
mer any product which fails to come up to the level 
of satisfaction which he expects. 

So the first task is to determine the acceptable 
quality level — the requisite quality. 

This is a most important matter and: it will be 
one of more or less difficulty, depending upon the 
nature of the product. At one extreme it may in- 
volve the amount and condition of sugar in a packet; 
at the other, the integrity of a highly-stressed com- 
ponent of an aircraft engine, or the reliability of a 
complex electronic component of a guided weapon 
system. In all cases there will be a minimum level 
below which the quality must not fall. To ensure 
that each and every packet of sugar which is filled, 
that each and every engine or weapon component 
which is produced, reaches that level, requires a study 
of the way in which the product is likely to vary 
during manufacture. 

Statistical methods can be of great value here, but 
their use is not mandatory. A rough and sensible guide 
has been given by Mr. R. C. Trundle !: “ Where 
the value of a piece is high, the chance for error 
great, and the operation not continuous, statistical 
control may not be justified. On the other hand, when 
there is but slight chance for error, a steady flow of 
parts, and a difficult inspection job, statistical control 
will generally prove to be economical.” 

Let it be said at once however, that statistical 
methods can still be of value in the first case, to 
help to diagnose causes of trouble. 

Whatever means are employed, the first need is 
to lay down a clear and adequate specification of the 
requisite quality. It is here that the statistician can 
be of great service, not necessarily by proffering a 
statistical method of analysis or of control, but rather 
by demonstrating his mode of thinking. Long ago 
he talked of the A.Q.L. (Acceptable Quality Level) 
and he has been thoroughly conditioned to thinking 
in terms of variability. What the manufacturer needs 
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to do is to extend this thinking from quantitative 
attributes such as the dimensions of machined parts 
to such qualitative attributes as appearance, finish, 
soundness and life as well. 

Having established the requisite quality, or the 
A.Q.L., customer satisfaction is maintained by ensur- 
ing that no product which fails to reach that level is 
allowed to leave the factory. This is the responsibility 
of inspection, 

By itself, however, this is not enough, as no 
account has yet been taken of the importance of 
achieving this objective at minimum cost. It is here 
that the Control of Product Quality in the modern 
concept plays its second important role. The study 
of the causes of variability and the reduction of the 
variability to the optimum level, can bring about con- 
siderable savings by reducing the amount of rejected 
work, and of rework of defective parts. There can be 
little doubt that any industrial executive who will 
take the trouble to ascertain accurately the cast of 
scrap and rework in his organisation will, when he 
has recovered from the initial shock be determined to 
take action. Beating the table will usually bring about 
an immediate reduction, but it will also tend to drive 
the truth underground. A planned attack on the prob- 
lem, along Quality Control lines, has been shown to 
be capable, time and again and in an extremely 
wide variety of industries, of effecting a permanent 
saving in cost of scrap and rework of at least 50°/ 
and often far more. 

In addition to this great saving, however, there are 
other important benefits, such as increased reputation, 
improved customer relations, increased productivity, 
and increased operator interest, which will be dealt 
with later. 

Most firms are anxious to achieve a reduction in 
cost, at the existing level. But increasingly these days 
we are concerned with reliability, whether it be of our 
motor car, our refrigerator, our television set, our 
telephone, or the military equipment used by the 
armed services, and the consequences to the manu- 
facturer of failure to ensure reliability can be expen- 
sive, and sometimes fatal. As this equipment becomes 
more complicated, so does it become increasingly 
difficult to ensure that it will always perform as 
expected. In all these fields control of product quality 
plays a vital part. Reliability cannot exist without 
good design, but the best design will fail if the 
requisite quality is not achieved. Even the most 
advanced piece of equipment — a guided weapon say 
— may depend for successful overall performance 
upon the reliability of a number of essential detail 
components which are the products of small firms. 
The reliability of the whole depends upon the relia- 
bility of its constituent parts, and so it is essential 
that the whole of industry should be exercising control 
of product quality. 

Obviously the effort to be expended upon all this 
must be related to the potential gains. Where the 
objective is the ultimate in performance or relia- 
bility, as in aircraft and military fields, technical and 
strategic rather than financial considerations may 
justify the means. In other cases, survival in the face 
of competition may be involved, and here again the 
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cost of the effort may be, for the time being, of 
secondary importance. 

Conducted along the lines which will be des- 
cribed, however, the cost of exercising effective control 
of product quality is small, and in every case where 
figures are available, the savings have far outweighed 
it, sometimes in spectacular fashion. 


how to control product quality 


Industrial organisations vary as much as do their 
individual products, and for this reason it would be 
quite wrong to endeavour to offer a single formula for 
the introduction of Quality Control into industry in 
general. Dr. Juran has expressed this neatly by utter- 
ing a warning: “The temptation to start with 
remedies instead of diagnosis is so common that it 
merits separate discussion. The peril exists because 
many people are engaged in hard selling of 
remedies, but few are engaged in hard selling of 
diagnosis.” 2 It is not going too far to say that 
much of the tardiness in taking up the control of 
product quality is due to unconscious sales resistance 
to the hard sellers of Quality Control. 

The appropriate form of Quality Control which 
should be adopted by any individual organisation can 
only be determined as a result of intelligent diagnosis 
of the needs of that organisation. Accordingly, an 
effort has been made to provide a guide to those who 
may be inspired to endeavour to undertake their own 
diagnosis. This guide is given, in what are intended 
to be really general terms, in the chart at the end of 
this Paper. 

It has been taken that the purpose of the organisa- 
tion is the achievement of the requisite quality of 
product, at minimum cost. 

Requisite quality is defined as that standard of 
reliability, or fitness for purpose in the product, which 
is necessary to ensure customer satisfaction. 

The establishment of the standard of requisite 
quality will usually be a joint responsibility, shared in 
varying amounts, according to the constitution of the 
organisation, by the Executive, the Research, Design, 
Development, Manufacturing and Sales sides, and 
probably influenced in no small degree by the 
reputation, tradition and past performance of the 
Company. 

Once the standard has been set, or has come into 
being by the establishment of a level of customer 
satisfaction based upon past performance, that 
standard can only be maintained consistently and 
economically by asserting control over all relevant 
aspects of the specification, the manufacture and 
inspection of the product. 

This task will require action under the following 
headings : 


1. ensuring that adequate specifications exist, 
which clearly define the acceptable quality level ; 


2. checking that the specified standards are met, 
which is in the main the responsibility of the 
Inspection Department as it is at present under- 
stood by most firms; 


3. investigating and eliminating causes of non- 
conformance (which is done by some means or 
other, more or less effectively, in every organisa- 
tion, but which here requires formalised and 
sustained action) ; 


4. and all of the foregoing with constant regard 
to the economics of the exercise, that is, as 


cheaply as possible. 


The exercise of full control of product quality will 
require the application of engineering, inspection of 
various kinds, proving (e.g., by testing), and statisti- 
cal methods of analysing manufacturing performance, 
each in greater or lesser degree according to the 
nature of the product, its value, its purpose, the rate 
and scale of its production, the personality of the 
organisation and the capabilities of the personnel 
concerned. 

There is no simple universal solution, nor any 
single ideal form or organisation. While full control 
will not be ensured unless and until provision has 
been made somewhere within the organisation for 
the continuous and effective performance of each 
and every one of the essential functions which have 
been summarised in the chart, it is generally wise 
to pay regard to the existing organisation, and to 
avoid making changes merely for the sake of change. 

The firm which is already achieving a fairly satis- 
factory performance will probably find that it is 
already carrying out more of the functions than will 
be the case in a less successful firm. 

The precise title under which each function is 
carried out is of no significance. In one small and 
highly efficient firm the setter is held responsible for 
any machining scrap arising. In another, larger, firm 
a Quality Control engineer is responsible for feeding 
back to production the information obtained from 
an analysis of a control chart maintained by an 
inspector. 

In many people’s minds great confusion exists re- 
garding the respective functions and responsibilities 
of the inspector and the quality engineer. One of 
the most able quality engineers in England operates 
under the title of Chief Inspector. In another firm, 
the corresponding title is Director of Quality Control. 

At the other extreme, cases are known of Chief 
Inspectors, who are little more than sorters of good 
from bad, changing their title, perhaps through fear 
of being considered old-fashioned, to that of Quality 
Control Manager, but without altering their habits 
in the slightest. 

To assist in clearing up this confusion, an attempt 
has been made to indicate in the Chart those respon- 
sibilities which rightly belong to the Chief Inspector, 
and those which should be carried out by an 
independent body. 

Briefly, the Chief Inspector is the man who is 
ultimately responsible for ensuring that no product 
is accepted which fails to conform to the specifica- 
tions. He must have full authority to reject non- 
conforming parts. Equally he cannot, alone, accept 
under concession any parts which, though not to 
specification, may be considered satisfactory and 
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usable. Here, the authority of the Quality Engineer 
and the agreement of the Designer must be sought. 

Functions which the Chief Inspector ought not to 
carry out are those which check the performance of 
his own department — for example, the Inspection 
Audit or the Quality Assurance check which was 
formerly such a valuable function of the Aeronauti- 
cal Inspection Directorate. 

The functions which remain unmarked in the 
Chart may be carried out by the Chief Inspector, but 
in the case of larger organisations it will usually be 
decided that the importance of the results to be 
obtained justifies the setting up of a separate Quality 
Department, to carry out these functions as a full- 
time responsibility. 

It will help to repeat the definition which has been 
laid down by Mr. E. G. D. Paterson of Bell Telephone 
Laboratories, which have pioneered in Quality Con- 
trol for more than 30 years past. He says that the 
shop inspector’s function is the triple one of : 


1. protecting the manufacturers’ own interests; 
2. aiding the smoother flow of production; 


3. supplying evidence that he has met his respon- 
sibility as a reputable manufacturer to produce 


good quality.3 


In contrast, the Quality Engineer, under whatever 
title he may operate, has the three-fold task of : 


1. assessing what are the limits of variability 


permissible in the product; 


2. assessing the variations in product quality which 
are likely to occur throughout the production 
run; 


3. taking adequate steps to ensure that the causes 
of variability in product quality are brought 
under sufficient control to enable the required 
standard to be met.4 


As a rough guide, based upon knowledge of a 
variety of existing organisations, it may be taken that 
the staff required to carry out the unmarked func- 
tions will represent between 1°, and 6% of the 
inspection staff proper. 

From this it will be seen that in the case of smaller 
organisations it may be found that, by careful selec- 
tion and allocation, many of the necessary functions 
can be carried out adequately as a part-time respon- 
sibility of the existing inspection or general factory 
management. In such cases, however, it is recom- 
mended that some individual should be given the 
overall responsibility for developing that special 


’ 


attitude of mind — “ quality mindedness ”. 


making a start 


Most executives like to judge by results, and so 
before deciding to implement the actions indicated 
in what at first sight may appear to be a somewhat 
formidable Chart, they are likely to ask what benefits 
would accrue, and how soon. 
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As a start, it is recommended that one man be 
given the task of determining accurately the cost 
of parts scrapped in one month. In many cases it 
will be sufficient to select the output of one shop, 
or of a particular group of components. 

Note that the operative word is “‘ accurately”. Too 
many people are anxious to suppress the facts, or are 
too busy with the task of achieving programmed out- 
put, to be concerned with what gets trampled under- 
foot in the process. 

An act of faith is next called for — the belief that 
a high proportion of that scrap is avoidable. In the 
United States avoidable scrap has become known as 
“gold in the mine”, and a rapid estimate of the 
value of the total annual scrap will show the extent to 
which further effort will be justified. Many American 
writers have given instances where the overall scrap 
cost has been reduced by 50°/, within two years or 
so of instituting Quality Control. 

The cost of reworking defective parts may be 
more difficult to ascertain, but here again the effort 
will be worthwhile. Where facts have been deter- 
mined, it has been found that rework costs are usually 
of the same order as the cost of scrap. 

Authenticated examples of savings which have been 
achieved have been given by various authors : 


1. International Harvester Company. The execu- 
tive Vice-President, Mr. Levin H. Campbell, 
jnr., writing in 1952, stated that the savings in 
scrap, rework and inspection obtained by the 
adoption of Quality Control methods had 
amounted to $2,000,000 in nine months.5 


2. Joseph Lucas Ltd. Mr. J. Foster Cooper des- 
scribed how in one year the cost of scrap, rework 
and inspection was reduced from £864,000 per 
annum to £636,000 per annum, a saving of 
£228,000 yearly. The cost of installing the 
system was £1,000.6 


3. Wiggins Teape Ltd. Mr. I. F. Hendry spent 
£2,500 and made a net saving of £9,000 per 
annum.7 


4. American Cutlery Firm. Mr. Frank Caplan told 
the author of a firm making pocket knives, with 
an annual turnover of $3,000,000. This firm 
saved $60,000 dollars per annum by a simple 
piece of quality engineering, which pin-pointed 
the stages at which trouble was occurring. 
Twelve of the most highly-skilled employees 
were employed in reworking the knives. 
Analysis and inspection at the right stages re- 
duced this to one man, part-time. 


5. According to Dr. J. M. Juran, the avoidable 
costs, or the “ gold in the mine”, in American 
industry generally, amount to between $500 and 
$1,000 per operator per annum. Unpublished 
figures from British sources agree closely with 
these, viz., £100- £300 per operator per 
annum.8 
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6. Radio-tube Division. Dr. Feigenbaum reported 
an increase in annual expenditure of $5,000, 
which resulted in a saving of $28,000 in the 
first year.9 


It will probably be found that an immediate result 
of the interest being shown in the scrap figures will 
be a reduction in the total figure. It is important 
to realise that this will probably be due to no more 
than psychological effect of the knowledge of the 
volume of scrap which is arising, that the improve- 
ment will not be permanent, and that it will repre- 
sent only part of the savings which should eventually 
be obtained. 

In order to obtain the full value of the maximum 
economic reduction, it will be necessary to bring into 
effect the full measure of Quality Control as indicated 
in the Chart. It should go without saying that the 
next essential steps should be to determine the stages 
at which the scrap is arising, to determine the causes, 
and to take positive action to eliminate those causes 
permanently. 

Inevitably, the initial success which will result from 
these efforts will confirm the value of a deeper incur- 
sion into Quality Control, and here only one word 
of warning is necessary. There can be too much of a 
good thing, and the introduction of control schemes 
without regard to their effectiveness, and to the 
potential savings, could lead to Quality Control costs 
exceeding the savings. 


the value of the control of product quality 

Having seen how to diagnose the needs of the 
organisation, and how to introduce the right amount 
of Quality Control, it now remains only to summarise 
the advantages which accrue. These are : 





. Reduction in cost of scrap. 

. Reduction in cost of rework of defective parts. 

. Saving in material, which may be in short 
supply. 

4. Saving in productive labour; better utilisation 

of existing skilled labour. 


won 


5. Saving in inspection costs. 

6. Saving in cost of dealing with customer com- 
plaints. 

7. Reduction of losses due to discount on 
“seconds”. 

8. Lowering of charges to guarantee and warranty 
fund. 


9. Fewer delays and stoppages. 

10. Shortening of production cycle time, resulting 
in earlier deliveries, and reduction of capital 
locked up in work in progress. 

11. Easement of difficulties and problems of pro- 
duction control caused by defective work. 

12. Increase in customer goodwill, due to greater 
reliability and enhanced value of product, 
leading to increased business and, in the ulti- 
mate, continued survival in the face of 
competition. 

13. Reduction of internal friction within the 
organisation. 

14. Improvement in morale of operatives due to 
consciousness of a job well-done, and closer 
identification with the end product, leading to 
increased pride in their workmanship. 


And not the least of these will be this last one. It 
is one which can have an incalculable influence upon 
the success of the Company which is wise enough to 
realise that herein lies one of the most important 
advantages of the proper control of product quality. 
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A GUIDE TO THE CONTROL OF 
PRODUCT QUALITY 


CONTROL OF PRODUCT QUALITY CONSISTS OF 
1 


Ensuring that Adequate Specifications Exist 





The overall Quality concept requires that the 
Requisite Quality of Product shall be carefully 
determined, and fully and clearly defined. 


Too high a standard leads to loss of profit, too low 
a standard to loss of reputation and business. 


This function requires a study (a) of what is needed 
to enable the product to fulfil its purpose; and (b) 
of the variability likely to arise in quantity produc- 
tion. Reliability and customer satisfaction will ensue 
only when the range of quality is such that the lowest 
level will always exceed that which is required of 


the product. 


1.1 Study the needs of the product in the light of 
all available knowledge. Analyse records of pro- 
totype trials and of service complaints of similar 
products, to determine necessary level of quality. 


Determine variability likely to arise in produc- 
tion, by observation, analysis of plant capability, 
rig testing, life or fatigue-testing, as appropriate. 


Ensure that Acceptable Quality Level is 
specified clearly and unequivocally, based upon 
the necessary level of quality determined from 
ae 


Check Engineering Drawings, Specifications of 
Materials and Processes, and Quality Specifica- 
tions, to ensure that together they convey to the 
manufacturer the A.Q.L. of 1.3. 


1.5 Develop methods of inspection, non-destructive 
testing, and proof testing as necessary, to enable 


the A.Q.L. to be achieved. 
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THE PURPOSE OF AN INDUSTRIAL 
ORGANISATION IS TO ACHIEVE 


THE REQUISITE QUALITY OF PRODUCT, 


AT MINIMUM COST, 


2 


Checking that the Specified Standards are Met 





This is the responsibility of the Inspection Depart- 
ment as it is commonly understood, excepting that 
the Inspection Audit function should ideally be 


carried out by an independent body. 


"A 


"ae 


"25 


"24 
35 
*2.6 
a 


*2.8 


*2.9 


Prepare Inspection Plan, stipulating stages in 
production processes at which inspection shall 
be carried out, and defining method and 
equipment. 


Check production equipment, eg., machine 
tools, jigs and fixtures. Are these adequate to 
enable the required standards to be met? 


Control operations and processes to the 


standards laid down. 

Check the product against specification. 
Accept or reject the product. 

Record reasons for rejection. 


Overcheck systems and organisation of Ven- 
dors anc Sub-contractors. 


Overcheck products of Vendors and Sub- 
contractors. 


Check ability of operators carrying out critical 
work, e.g., welders. 


2.10 Check efficiency of inspectors. 


2.11 Conduct Inspection Audit or Quality Assurance 


checks on finished products. 
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Requisite Quality is defined as that which is necessary to ensure customer 
satisfaction, by achieving a given standard of reliability, or fitness for purpose, in the 
product. 

The exercise of full control of product quality will require the application of 
common sense, engineering, inspection, proving (e.g., by testing) and statistical 
methods of analysing manufacturing performance, each in greater or lesser degree 
xcording to the nature of the product, its value, its purpose, the rate and scale 
of its production, the personality of the organisation, and the capabilities of the 
personnel concerned. The Chart indicates the basic acts which must be carried out 
for full control to exist, but these acts will vary considerably in individual importance 
xcording to the needs of the enterprise under review. 


There is no simple universal solution, nor any single ideal form of organisation. 
The precise title under which each of the basic acts is operated is of no significance, 
and it may well vary in different organisations. 


The Chart should be used as a check list to ensure that no essential step has 
been overlooked, and as an aid to the diagnosis of the needs of the organisation. 
Items marked * are definitely the responsibility of Inspection and represent the 
great bulk of the total personnel required. See text of Paper. 





3 


Investigating and Eliminating Causes of 
Non-Conformance 


4 


As Cheaply as Possible 





Inspection and Production personnel will naturally 
take all possible action to eliminate causes of scrap, 
where these are appreciated and can be diagnosed 
quickly. Many problems will require a fuller investi- 
gation than can be made by those concerned with 
the day-to-day running of the Shop, however, and 
it will usually be found more expedient and effective 
to set up a small Quality Engineering activity with 
time to study these problems thoroughly. 


3.1 Set up system for the rapid and accurate re- 
cording of rejection and rework. 


3.2 Investigate causes of rejection and rework. 


3.3 Feed back information to Production, Pur- 
chase, or Material Supplier for remedial action 
as indicated. 


3.4 Feed back information to Design for drawing 
change where necessary. 


3.5 Develop new methods of measurement and non- 
destructive testing as required for earlier iden- 
tification of defective work. 


Although action along the lines already indicated 
will result in considerable economies, Minimum Cost 
for Requisite Quality can only be achieved by re- 
garding the overall cost of Quality Assurance, i.e., 
Inspection, Testing, Scrap and Rework as involving 
a definite proportion of the total manufacturing cost 
which can and should be reduced. 


Every facet of the activity should therefore be 
kept under constant surveillance and treated as a 
productive activity, the efficiency of which can be 
increased by the application of modern management 
techniques. 


4.1 Determine total cost of quality assurance, 1.e., 
Inspection and Quality Control labour, equip- 
ment, scrap and rework, testing. 


4.2 Determine stages at which scrap arises. Re- 
deploy inspection force to increase its effective- 
ness at critical points in manufacturing 
programme. 


4.3 Do not increase inspection effort beyond the 
point to economical return. 


4.4 Conduct tests on rejected parts to determine 
acceptability on a concessionary basis. 


4.5 Develop processes to improve capability at no 
increase in cost. 


4.6 Develop more efficient and automatic methods 
of manufacture and inspection to reduce the 
risk of human error. 


4.7 Reduce amount of inspection by use of Control 
Charts and Sampling Schemes, where possible. 


4.8 Apply Work Study to Inspection operations. 
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N opening a discussion on recent and current 

developments in electric arc welding, one is con- 
fronted with many new electrodes and processes, 
especially in the semi-automatic and fully automatic 
welding fields. 

The history of the development of welding has 
been reviewed many times by others and many pro- 
duction engineers will be familiar with the use of 
manual welding, which has now become just another 
tool in the armoury of a modern engineering works. 
Even so, the development of manual electrodes is 
very far from static. 


iron powder type electrodes 

One of the most important advances in the past 
two years or so, and one of particular interest to 
production engineers, is the increasing use of elect- 
rodes of the iron powder type. 

More and more, the emphasis is on increased speeds 
of welding and in contrast to conventional manual 
electrodes, those containing iron powder in significant 
quantities increase the speeds of welding by up to 
100%. 

Most conventional electrodes have coverings of the 
rutile type, i.e., containing oxides of titanium. This 
is in order to obtain easy flowing of the molten slag, 
easy slag detachability, smooth arc characteristics and 
good operational properties for horizontal-vertical 
fillet welding. However, the physical properties of 
such electrodes suffer at high currents. The particular 
development concerned is the addition of significant 
quantities of iron powder to the covering, permitting 
a much higher current carrying capacity and a greater 
metal recovery rate, i.e., percentage of deposit to core 
wire. In iron powder electrodes, this can reach 140°/ 
according to type and circumstances. In order to use 
the higher current capacity of iron powder electrode, 
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TABLE | 


TIME AND COST OF DEPOSITION PER CUBIC INCH OF BUTT WELD 











Quantity 
Type Amps of Electrodes Time to Cost of Labour Overhead Gross 
of Electrode ~ used Deposit Elect- Cost Cost Cost 
(inc. 2” stubs) rodes 
Iron powder 300 2.68 ft. 2.50 min. 7.71d. 7.50d. 11.25d. 26.46d. 
Conventional 
Class 2 240 3.60 ft. 4.00 min. 5.18d. 12.00d. 18.00d. 35.18d. 
Duty cycle 334 
Labour 5/- per hour 


Overheads 


it is important that the weld metal deposited sha!| 
be low in hydrogen. This is not always the case with 
these electrodes if of the rutile base type and a 
current development is, in fact, that of an iron 
powder electrode giving mechanical properties 
analogous to low hydrogen types. 

Broadly speaking, the advantages over the conven- 
tional types are : 


. higher deposition rate, almost double; 

. a weld of greater length for a given size; 

. high radiographic standard ; 

good mechanical properties; 

in the case of certain types, the use of the 
electrode in all positions; 

6. good weld profile; 

7. easy slag detachability. 


The net results of all these factors is a saving in 
gross cost per foot of weld in the order of 35°/, - 50°/,, 
according to circumstances, types of joint, and the 
particular electrode applicable to the job. 


150% on labour 


The details given in Tables 1 and II indicate the 
costs of the iron powder types in the case of butt 
welds and fillet welds. 

Developments in manual welding are not, however, 
confined to the heavily coated iron powder electrodes. 
Improvements in metallurgical aspects have increased 
the welding speeds of some conventional types. The 
latest, used for flat and horizontal-vertical fillet weld- 
ing, give a mitre or slightly concave profile. Further- 
more, a size larger electrode than usual can be used 
to give increased length of fillet weld. 


semi-automatic processes 

Semi-automatic welding, where the wire or elect- 
rode is fed by an electrically driven wire feed unit 
through a hand-held pistol, is now being rapidly 
developed. There are a number of processes available 
for mild steel, including the use of bare wire with a 
gas shield, a tubular electrode with a CO, shield and 
the use of a bare wire with a magnetic flux carried 
in the CO. gas stream. 











TABLE Ii! 
TIME AND COST OF DEPOSITION PER FOOT OF S/16 in. HORIZONTAL-VERTICAL 
FILLET WELD 
Quantity 
T ype Amps of Electrodes Time to Cost of | Labour Overhead Gross 
of Electrode used Deposit Elect- Cost Cost Cost 
(inc. 2” stubs) rodes 
Iron powder 300 1.12 ft. 1.17 min. 3.23d. 3.51d. 5.26d 12.00d. 
Conventional ; 
Class 2 240 1.88 ft. 2.33 min. 2.70d. 6.99d 10.48d. 20.17d. 
Duty cycle 334 : 
Labour 5/- per hour 


Overheads 


150% on labour 











All these alternatives give taster metal deposition 
rates than manual electrodes, even if iron powder 
electrodes are considered. In all cases, however, the 
cost for the consumables (wire, gas and flux, if any) 
in the continuous form, is higher than the cost for 
the equivalent electrodes. 

Thus the adoption of a semi-automatic process for 
any particular work depends on the balance of 
increased consumable cost against a decrease in labour 
cost. The capital of a semi-automatic installation will 
be in the order of £1,000 more for each operator 
than for manual welding equipment. 

Nevertheless, in many cases the reduced labour cost Fig. 
and increased productivity given by semi-automatic fab 
welding much more than offset the higher cost of 
consumables and plant. Fig. 1 shows a typical semi- 
eagn on. automatic machine. _ 

The use of a bare wire with CO, welding has now 
also been developed for welding thin gauge materials, 
and the torch shown in Fig. 2 is used with .020 in. 
and 1/32 in. wire for welding sheet metal components 
such as those shown in Figs. 3 and 4. 

As an alternative, the equipment shown in Fig. 5 
can be used. Here the electrode wire is wound.on a 
small spool carried on the gun itself, and although 
this makes the gun somewhat heavier it can be easily 
used over a wide area without having to move heavy 
equipment. In addition, this equipment can also be 





Fig. 1. Operator using semi-automatic welder feeding thin 
aluminium or steel wire under a shield of argon or argon/ 








used to feed small diameter aluminium wires so that 1 

aluminium sheet down to 16 SWG can also be in t 

welded with this equipment. of 1 
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fully automatic welding Int 

This review of developments in the sphere of tion 

manual and semi-automatic welding brings the sub- ing 

Fig. 2. Hand torch for feeding 0.030 in. and 0.02in. dia. wire j@ct_ of production welding to the use of fully A 
for the welding of thin gauge material. SERRA PCC. , at 
The use of automatic welding as such cannot be fabr 

considered as new. The four or five years preceding T 

the last War saw the earlier installations in the jiggi 

United Kingdom. The War years, of course, forced the 

upon many industries the need to adopt automatic tracl 

welding which they followed in post-War years. port 





Fig. 3. Sheet metal pressing welded to tubular front axle. 


Fig. 7 
th 





Fig. 4. Pressed sections in thin sheet welded together to Fig. 5. Semi-automatic welding machine for feeding very 
form vehicle front axle. thin aluminium and steel welding wires. 
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Fig. 6. Layout of installation for 
fabricating sections of the sphere. 


The more recent developments probably will be 
in the use of automatic welding in the construction 
of nuclear power stations, particularly in the fabri- 
cation of the spheres and also the heat exchangers. 
In both cases, the principal interest lies in the elabora- 
tion of the handling equipment required for position- 
ing the weldment for downhand welding. 

An interesting application, illustrated in Fig. 6, is 
a tilting manipulator and handling frame for 
fabricating sections of heavy plate forming the sphere. 

The illustration shows an artist’s impression of the 
jigging adopted. The two curved plates are held in 
the frame mounted on a tilting table. A separate 
track, swept to the curvature of the plates, carries a 
portable welding machine. Synchronisation of the 







welding speed with the angle of tilt allows the 
operator to keep the welding in the downhand 
position. 

A further feature is the provision of pegs on the 
handling frame which engage with pivots on the base 
frame. The use of the pivots is illustrated by Fig. 7, 
which shows the welded curved panel being lifted 
for positioning and eventual removal. 

A close view of the welding machine used on this 
jig is shown in Fig. 8. Two welding heads are 
employed, each independently feeding a welding wire 
into the same weld pool. The welding currents and 
arc voltages used on the heads are independent of 
one another and can therefore be adjusted to pro- 
vide the best conditions. The system is known as 


~ | 








Fig. 7. Special jig for fabricating sections of 
the spheres in nuclear power stations. 
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Fig. 8. Double-headed self-propelled welding machine. 









multi-power welding and it has the great advantay: 
of increasing the welding speed up to twice that per- 
missible with a single wire. 

An example of welding applied to the fabrication 
of the shells of large heat exchangers is illustrated in 
Fig. 9. Here we have developments of particularly 
large, self-propelled high lift booms used to support 
automatic welding heads for internal and external 
longitudinal and circumferential seams. An idea of 
the size may be gauged from the fact that the strakes 
on the roller beds are 20 ft. in diameter and are 
2} in. thick. The boom — which is one of the largest 
of this type in the world ~- has a vertical lift of 30 ft., 
and as illustrated, points in a fixed direction and is 
used mainly for the external seams. However, this 
boom has a companion of the same general size, 
reach and vertical lift, except that the boom and 
vertical column are mounted on a turntable swivelling 
through practically a full circle. Both of these booms 
are on Carriages which travel at either welding speed 
or fast positioning speed. An impression of the size 
of the boom and also the job itself can be obtained 
from Fig. 10. 


use of electrical equipment 

An interesting feature of the installation is the 
electrical equipment on the booms and roller beds. 
Each bed carries its own rotation and traverse motors 
fed from its own electronic control cabinet. Each 
bed therefore is a_ self-contained, independently 
operational unit but, more particularly, any one bed 
may be the master controlling any others that work 
in train with it. Alternatively, either of the booms 
may be the master of a train comprising any number 
of beds. 

The fabrication of large pressure vessels of such 
thicknesses is somewhat specialised and developments 
are taking place in other fields, in shipbuilding, for 
example. 

The most interesting development is the increasing 
employment of the open arc automatic process for 
the fillet welding of bulkhead stiffeners by using 
continuous flux covered electrodes in combination 
with a shield of carbon dioxide gas. The process 
particularly lends itself to fillet welding although large 
gantries, as shown in Fig. 11, can with adaptation be 
used for butt welding. Fig. 12 shows a gantry in 
use in the prefabrication shops at a shipyard. 


Fig. 9. View of heat exchanger shells on 
roller beds and showing high lift boom. 
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Fig. 12. Gantry in use in shipyard welding bulkhead stiffeners. 





Fig. 10. View of large high-lift boom making longitudinal 
welds. 








Fig. 11. Layout of fillet welding gantry. 
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Fig. 13. Welding gantry under construction. 
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Fig. 14 (right). Close-up of welding heads : 


on a gantry. 


Fig. 15 (left). Twin-headed fillet welding machine. 





A gantry under construction is shown in Fig. 13. 
In this case the travelling carriage is equipped with 
welding heads for making fillet welds on aluminium 
stiffeners using ARGON as a shielding gas. The 
opposite side of the carriage is equipped with weld- 
ing heads for feeding continuous covered electrodes 
under a shielding of CO, gas, and is shown in Fig. 14. 
The gantry can, therefore, be used with increased 
versatility consequent on the adoption of more 
aluminium in ship construction. 

In some yards, the use of a gantry is prohibited by 
limitations of space. 

A recent development of a smaller machine using 
a gas-shielded arc is the self-propelled twin-fillet 
welder as illustrated in Fig. 15. 

This machine is entirely self-guiding and puts 
down two 7g in. leg length fillet welds in one pass 
simultaneously at a speed of about 20 in. per minute. 
Machines of this type, already in service, are pro- 
ducing 700 - 800 linear feet of fillet welds per day. 
This is in contrast to 150 feet per day from a manual 
operator. 

The application of this machine is not confined to 
the shipyards. In an adapted form, it can be used 
for welding the web and fianges of I-section beams 
up to 36in. high and 18 in. across the flange. 


an interesting application 

An interesting application of automatic open- 
arc shielding gas welding combined with special 
jigging is that of a 60 ton press and backing bar, 
shown in Fig. 16. 

This machine was developed in order to butt weld 
large plates together to form the laminations of a 
large magnet. In order to counteract distortion and 
to ensure that the plates were perfectly flat after 
welding, the copper backing bar was cambered along 
its length — about 45 in. in 6 ft. Those plates which 
were }in. thick were welded from the upper side 
only, which necessitated the copper backing in order 


Fig. 17. 60ton backing bar press in 
operation. 


E 


Fig. 16. 60ton backing bar press. 








Fig. 18. Vertical welding machine. 
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to obtain 100°% penetration. Other plates, of 4 in. 
thickness, were welded on both sides — i.e., two-pass 
welding. 

Fig. 17 shows the machine in operation. The tota! 
clamping pressure was 60 tons, obtained from 12 
independently operating hydraulic rams. 

About 18 months ago, the first British-made vertical 
welding machine was introduced. This machine uses 
the electric-slag principle, in which a bath of molten 
steel and slag casts a weld between the edges 
of two plates supported in the vertical plane. The 
machine is illustrated in Fig. 18. 


a great advantage 

Although the electric-slag process is not new 
having been used for some years in Russia — it is 
nevertheless a recent development in_ Britain. 
To what extent this vertical welding system may be 
applied to British practice remains to be ascertained 
and studied. It clearly has very real possibilities in 
the fabrication of heavy sections. It has the great 
advantage that plate edge preparation-other than 
straight flame cuts——is unnecessary and that the 
fabrication need not be positioned for downhand 
welding. What is to be considered and studied are 
the metallurgical features of what is virtually a “cast” 
weld. 

Developments have taken place in jigging for inert 
gas welding processes. A typical example, shown in 
Fig. 19, is that of a copper backing bar jig for joining 
stainless steel strip in a rolling mill. Fig. 20 shows a 
closer view of the two welding heads and the finger- 
type clamps. 

Improvements in the clamping of the two edges 
have now made it possible to fuse the edge of stain- 
less steel plate up to 0.20in. thick. Hitherto, this 
thickness was considered beyond the scope of tungsten 
electrode welding where the fusion must be made 
from one side of the joint. The machine actually 
forms part of the production line of the mill and is 


Fig. 19. Backing bar jig for stainless steel 
strip. 
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Fig. 20. Backing bar jig for 

stainless steel strip showing 

welding heads and finger-type 
clamps. 


designed so that the strip may feed through it after 
the edges have been welded together. 

One of the most important applications of auto- 
matic welding is that of reclaiming or the hard 
surfacing of worn parts. This is not, of course, a 
recent application and in one particular field 
namely that of worn tractor parts — neither is the 
re-surfacing of worn track links by automatic welding 
methods. 

What is more recent is the development of special 
twin-headed machines so that both sets of links of a 
worn track may be re-surfaced simultaneously. A 
machine of this type is shown in Fig. 21. 

Both welding heads are carried on a common 
carriage travelling at welding speeds above the track. 
The weld at each link is initiated by a train of H.F. 
sparks as heretofore, but as a recent development, 
the cams used for controlling the sequence of 
operations are substituted by a photo-cell system 


Fig. 21. Twin-headed track link reclamation 
machine. 


in conjunction with simple plastic templates. 

As a further feature, the welding heads are designed 
to use a number of alternative automatic processes 
to met any specified requirements. The heads can be 
used for submerged arc welding, i.e., a bare wire 
combined with a fusible granular powder as flux or 
alternatively a combined method may be used, namely, 
that of a continuous covered electrode with the weld 
deposit buried beneath a covering of granulated 
powder. A further alternative is the use of a con- 
tinuous covered electrode in conjunction with a 
shielding of carbon dioxide gas. 

Each process has its particular merits, that of the 
straight submerged arc giving a particularly smooth 
surface as deposited; the other two processes having 
the advantage of a wider range of deposit hardnesses. 
From the manufacturing point of view, the covered 
electrode is a more flexible medium for obtaining 
desired hardness than is a cast and drawn bare wire. 


eee 
———— 
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THE TUNGSTEN CARBIDE 
ROTARY CUTTER 


A Thesis by J. D. SNOW, A.M.1.Prod.E. 


HE term “ rotary cutter”, applicable quite legiti- 

mately to a host of different types of engineering 
tools, is a broad indication rather than a distinct 
classification and to discourse freely upon the subject 
without some visual identification is to invite 
ambiguity and general confusion. The examples 
in Fig. 1 indicate some typical shapes of the tool 
concerned. 

The research and manufacturing problems asso- 
ciated with such tools, even when produced in the 
conventional high-carbon and the high-speed steels, 
are quite substantial — yet the finished products are 
of such relatively low cost that their expendability 
rate is accepted throughout industry with no great 
concern. In the latter years, however, with the intro- 
duction of new materials and alloys difficult to 
machine, and with an increased appreciation of the 
inherent versatility of the rotary cutter, the demand 
for a more efficient too] with greater cutting power 
and extended life has been phased, fortunately, with 
concurrent developments in powder metallurgy 
techniques, and manufacture of the cutter in tung- 
sten carbide has become well-established. 

Current experiments in the sintering of oxides and 
borides of elements other than tungsten will, 
undoubtedly, lead ultimately to the use of cutting 
media with yet greater properties than tungsten 
carbide. But limited trials with tools so produced, 
although demonstrating varying degrees of efficiency 
at extremely high feeds and speeds, have failed as 
yet to prove any positive overall superiority and many 
adverse features have yet to be corrected before such 
tools can be accepted into industry with the 
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enthusiasm that tungsten carbide appears to have 


justified. 


structural forms of the rotary cutter 

The tungsten carbide rotary cutter is produced, 
usually, in two structurally different forms. In Fig. 2 
the tool is shown as a “ solid” carbide, an unaccept- 
able term, technically, but nevertheless indicative of 
the intended meaning that the head and the shank 
are formed integrally in tungsten carbide. The alter- 
native, generally more popular by virtue of its tougher 
shank, is sketched in Fig. 3. This tool has a shank 
of conventional steel bonded securely to the tungsten 
carbide head by means of a brazed joint. 

To appreciate the reasons for the difference in 
construction, however, and to understand the 
necessity for issuing to a customer some rather 
bewildering recommendations on the correct use of 
the tools, a short resumé of the production technique 
of tungsten carbide forms, and results of various tests 


made, will be helpful. 


the production of tungsten carbide forms 

The manufacture of tungsten carbide, pioneered 
by the Osram Lamp Company in Germany and later 
developed by Krupps, began about 1926. Its then 
proprietary name of “ WIDIA”, derived from the 
simple contraction of the two German words “ Wie 
Diamant ” (like diamond) soon became the criterion 
of high quality tungsten carbide throughout the 
world. The potential of this so-called “ man-made” 
metal was very quickly appreciated in Britain, 
where production commenced in the early 1930's. 
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Its development issued from the knowledge that 
the high carbon steels, then the principal material 
used in the manufacture of cutting tools, fail rapidly 
in hardness values at temperatures in the region of 
270°C. At the beginning of the 20th century 
attempts to improve the quality of this steel resulted 
in the addition of other elements, principally tungsten, 
chromium and vanadium, into the composition. With 
these additives hardness was retained quite effectively 
at temperatures in excess of 500°C and thus the 
high-speed steel range was initiated into industry. 


the basic method 


Microscopic examination of this steel reveals the 
structure to be permeated with an even distribution 
of the carbides of iron and of tungsten, the intense 
hardness of the latter being noted with particular 
interest during the development period. Enthusiastic 
attempts to produce cutting tools in tungsten carbide 
alone, however, resulted in complete failure due prin- 
cipally to its extremely high melting-point (approxi- 
mately 3,000°C) and to the absolute brittleness of 
the final structure. Variations of technique neverthe- 
less produced a method which, basically, is. still 
universally practised: whereby tungstic oxide is 
treated at high temperatures in a reducing atmos- 
phere of hydrogen gas, the oxygen from the tungstic 
oxide combining with the hydrogen to form water 
vapour, and producing an extremely dense mass of 
tungsten powder. Rigid control of this process — 
oxide quality, gas flow, cycle times and so on— 
determines, to a great degree, the purity and grain 
size of the tungsten; two cardinal factors upon which 
the efficiency of the completed tool depends. 

The tungsten powder is then mixed with carbon 
and again subjected to high temperatures, approxi- 
mately 1,500°C, in a reducing atmosphere, the carbon 
combining with the tungsten to create tungsten 
carbides. 

Cobalt oxide, processed in a manner similar to 
that of tungstic oxide reduction, produces a powder 
which, with the tungsten carbide, is ball-milled for 
considerable periods, usually several days, to ensure 





the thorough and intimate intermixing of the two 
powders — the balls and the lining of the mills being 
made also of tungsten carbide to assist in the main- 
tenance of purity standards and, naturally, to resist 
the extreme wear that would be inevitable on any 
other material. 

Additions of the carbides of other elements such 
as titanium, tantalum, chromium and molybdenum, 
for instance, are effected at this stage if necessary to 
the particular application of the finished product, 
together with a quantity of paraffin wax, the latter 
to promote a degree of temporary cohesion of the 
particles. The resultant mixture is then pressed into 
moulds under pressure of at least 10 lb. sq. in. due 
allowance being made for volumetric shrinkage of 
between 18°94 and 30°%4 which occurs in the final 
operation — that of “ sintering ”. 

The sintering furnace, provided with ancillary 
equipment for the close control of temperatures, 
usually takes one of two forms — hydrogen reducing 
or vacuum. The moulded units are placed in a pre- 
heating zone to ensure expulsion of the paraffin wax 
and are then moved into the maximum heat zone 
where the soft and friable pieces are sintered into 
intensely hard tungsten carbide units, the cobalt 
element liquefying in the process to form a strong 
matrix, or cement, for the tungsten carbide particles. 
The finished units retain their hardness at very high 
temperatures and cannot be annealed. Machining can 
be executed only by silicon carbide grinding, diamond 
lapping, electro-erosion or ultrasonic processes, but 
where such machining is likely to be extensive, the 
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method known as “ pre-sintering © is usually adopted. 
This method involves the arresting of the sintering 
operation at about 900°C when the components are 
sufficiently soft to permit, after cooling, normal 
machining operations, after which they are returned 
to the furnace for completion of the sintering cycle, 
from which they emerge with the characteristic 
hardness conferred by the normal “ straight through ” 
sintering. 

Many variations of the foregoing method are 
practised, but the process roughly outlined is 
generally satisfactory, and common to all the known 
techniques. Although dimensional tolerances on 
regular shaped units can be held to very close limits, 
deformations occurring in the more unusual shapes, 
of which the rotary cutter is typical, must be corrected 
by post-sinter machining. 


grade selection and testing 

The rotary cutter, by virtue of its particular and 
intermittent cutting action, develops a “ chipping ” 
effect and the additions of the carbides of titanium 
and/or tantalum into its basic composition would 
appear to be superfluous, even detracting from the 
properties required. The purpose of such additives 
is to reduce the known affinity existing between the 
tungsten carbide and steel when the temperature at 
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the cutting edges reaches the critical point at which 
“cratering”, through partial fusion, occurs on the 
tungsten carbide surface — a circumstance more 
applicable to the lathe tool rather than to the inter- 
mittently cutting rotary tool. Nevertheless, certain 
types of rotary cutter, due to specific applications for 
which they are intended, justify the inclusion of these 
extra carbides as a precaution against rapid break- 
down through excessive brittleness of the structure 
both tantalum and titanium improving the toughness 
of the structure although detracting from the overall 
hardness of the tool. 

The finished “blanks” are classified therefore as 
either “compound” or “straight’’ carbides and 
prove to be extremely satisfactory when, as finished 
tools, they are used in accordance with the manu- 
facturers’ recommendations, the issuing of which is 
somewhat committal and which produces the neces- 
sity for the intensive research and proving of all 
processes involved in the making of the tools. 

Tests on both the “straight” and “ compound ~ 
carbides rapidly produce evidence of their character- 
istics — intense hardness (and its retention at very 
elevated temperatures) and good rupturing strength 
being of vital importance. Figs. 4 and 5 typify 
the results of some of the extremely protracted tests 
necessary in the early stages of rotary cutter produc- 


Fig. 6. 


























tion. The extent of permutation through variation of 
grain size and cobalt content alone is readily apparent, 
“ particle-form”, or “grain-shape”, also requiring 
consideration, and much careful thought and assess- 
ments of the properties required becomes necessary 
so as to restrict the range to reasonable proportions. 

Hardness being of prior importance, it is noted that 
the highest V.P.N. figures are synonymous with fine 
grain carbides, the grain size of carbides being rated, 
generally, in microns/cross-section. Toughness of the 
completed tool, however, owing to the versatile uses 
to which it may be subjected, and distinct from the 
tools designed for a particular range of applications, 
proves, on testing, to require almost as much consider- 
ation as hardness, and the proportion of cobalt 
cementing medium is decided from repetitive cutting 
tests with tools containing various but known quanti- 
ties. In the case of compound carbides, of course, the 
proportions of compounding elements must also be 
known and religiously “logged ”. Fig. 6 indicates the 
results of some comparative testing from which it is 
reasonable to accept the apparent superiority of a 
fine grain “straight” carbide containing some 8°/ 
cobalt. Closer examination, unfortunately, reveals an 
extensive critical period, denoted by over-shade, 
during which the cutting edges tend to break-down 
through instability due to excessive brittleness of the 
carbide structure; thus it becomes an involved prob- 
lem to decide upon the structure most suitable for 
any given range of tools. 

High V.P.N. figures, however, are required to be 
reasonably stable even at high temperatures such 
as may occur when the tool is cutting hardened die- 
steels; the rapid work-hardening Nimonics; the 
ceramics and so on. Further tests are necessary to 
assess the reaction of the hardness characteristics to 
the application of heat. There are several ways of 
accomplishing this but one of the most efficient 
methods involves the mounting of sample units, so 
formed as to receive a thermocouple probe of the 
thermistor type, on to a specially adapted hardness- 
tester, high frequency heating equipment being used 
to induce the heat into the unit. With the heating 
being electronically controlled, and triggered by varia- 
tions of readings on the associated galvanometer or 
pyrometer to hold it steady as the indentations are 
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made, very reliable and consistent results appear 
satisfactorily to substantiate the figures expected. 
Fig. 7 indicates the results of some such tests. 


the shank 
*“* solid ” carbide tools 

So far, high-hardness characteristics, commensurate 
with an essential degree of toughness, have been con- 
cerned primarily with the generation of good cutting 
qualities, an aim which, in regard to the “solid” 
carbide cutter, limits the strength of the shank and, 
therefore, jeopardises the life of the tool as a whole. 

Ideally, were it possible to sinter the head in a 
high-hardness grade of tungsten carbide with the 
shank in a grade of maximum strength, the major 
part of the whole problem would be resolved. Al- 
though much experimental work has been carried 
out with this in mind, and some success achieved by 
“cobalt fusion ” of identical grades with carbides of 
different structures, loss of homogeneity at the intimate 
fusing area precludes the practising of this technique. 
leaving the sole alternative of ensuring that the shank 
cross-section area is of sufficient magnitude to support 
the extreme loading that may be applied at the head 
of the cutter. 

From Fig. 5 it is shown that a fine-grain carbide is 
endowed with a transverse rupture strength of some- 
thing like 100 tons/sq. in. The Izod figure for this 
grade, however, is relatively low at approximately 
0.7 ft. 1b. and thus, where the unit is reduced in 
diameter to blend into the shank, the quality of the 
tool’s resistance to shock loading becomes entirelv 
dependent upon the greatly diminished properties of 
the reduced cross-sectional area. Efficient design, 
therefore, based on functional evidence, is naturally 
of vital importance and must be centred, dimension- 
ally, upon the proved relationship between the head 
shapes and sizes, and the shank cross-sectional areas. 

Collation of the necessary data, from which is 
extracted the information pertinent to design, derives 
from exhaustive testing of finished cutters on special 
equipment capable of reproducing most of the 
adverse conditions and treatments to which the tool 
may be subjected in the workshop. Apart from pro- 
ducing means for computing the stock-removal rates 
and incidental details for the recommending of feeds 
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and speeds for various applications, such equipment 
enables the behaviour of the shank, under closely 
controlled degrees of eccentricity, to be investigated 
with extreme thoroughness. Microscope and _ strobo- 
scope apparatus, together with means of inducing 
known eccentricities into the cutting action, are 
prominent features of this test gear, and recent 
developments in the field of capacitance metering are 
exploited in the measuring, dynamically, of the fre- 
quency and amplitude of the forced displacements of 
the running cutter from its true centre. 

Such investigations, again in view of the extreme 
permutability of all the factors involved, are some- 
what protracted. But in all cases few doubts remain 
that, even when designed and manufactured to rigid 
specifications, ultimate efficiency of the tool lies very 
much with the individual intelligence of operators 
in colletting the cutter tightly and as closely to the 
head as is reasonably possible and in exercising some 
care to eliminate any cause of eccentricity which, 
dependent upon the r.p.m. of the cutter and the 
amount of displacement from true centre, becomes 
capable of producing impact shocks of sufficient inten- 
sity progressively to break-down the cutting edges 
and, ultimately, to fracture the shank. 

To conform with universally adopted colletting 
arrangements, the shank diameters range from } in. 
to 2 in. with, as near as possible, metric equivalents, 
and, unless special applications demand exceptions, 
relationships between the head dimensions and the 
shank diameter tend closely to follow the general 
indications shown in Fig. 8. 
































conventional steel 

Throughout the “ solid” carbide range, it is noted 
that if the head itself comprises X cubic units of 
tungsten carbide, the shank may represent an addi- 
tion, relative to the head dimensions, of anything 
between X/3 and 4X units. The devising of an alter- 
native shanking method, therefore, apart from 
aiming to improve upon the strength characteris- 
tics of the carbide shank, issues from the incidental 
competitive requirements to diminsh costs. Assuming 
that post-sinter machining of the “solid” type may 
incur, as it invariably does, some 20°/ - 40°/, of the 
total cost of the blank, then sintering of the head 
alone, with the consequent closer control over sinter- 
ing deformations, eliminates the necessity for any 
form-truing operation. Thus, provided the shanking 
operation can be effected at a low cost relative to 
the X/3 and 4X factors, the overall saving can be 
considerable. 

The cardinal requirements, of course, of any shank- 
ing operation must be to ensure that the ultimate 
efficiency of the completed tool is at least equal to 
that of the “solid”, and that the shank is capable 
of withstanding all the test loads and impact shocks 
it is likely to encounter. 

Whatever method is devised, initial consideration 
must be given to modifications to the head and in 
Fig. 9 are shown some variations deemed necessary. 
The basis for such modifications arises from the re- 
quirement that, although it is intended that the 
shank shall be brazed face to face with the head, there 
are particular instances were a spigot type of mount- 
ing functions as a safeguard should the brazed joint 
fail during a machining operation. A head parting 
from its shank when running at speeds in the 
20,000 r.p.m. - 40.000 r.p.m. region can be, to say the 
least, somewhat disconcerting. A spigot also functions 
to a limited extent as a key which, accepting some of 
the torsional stresses during cutting, contributes to 
overall efficiency of the brazed joint. 

Head cavities or bores, however, must be relative, 
dimensionally, to head sizes. Where, for instance, a 
recess of certain diameter is envisaged, it has to be 
realised that after a substantial number of “re-cuts’’, 
(the term used for the resharpening service) there 
lies a distinct probability of the tooth-root diameter 
being reduced to a stage where “ break-through ” 
occurs. The tool is then scrapped. 





selection of steel 

Good sintering can ensure that the head “ blanks ” 
are produced to dimensional tolerances within limits 
of 0.003 in. per 4 in. of diameter and within 0.006 in. 
per inch of length. Consequently, with the elimina- 
tion of post-sinter correction operations, one of the 
final problems associated with the completion of the 
tool is the selection of suitable shanking steels. Such 
steels have to be easy to machine in view of the 
necessity to produce shanks fairly rapidly and, there- 
fore, economically; they must have good tensile 
strength and be consistent in quality. 

Tests with cutters to which have been fitted shanks 
made from various steels show that the properties 
producing satisfactory results are as indicated in 
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Such properties are inherent in a wide range of 
steels as used in the manufacture of combustion- 


engine valves, chisels and high-speed cutting tools; 
some steels of the Nimonic group are also particularly 
suitable. 


bonding of the shank to the head 


Although the preceding details relating to the steel- 
shank tool would appear to suggest a finished product 
superior to the “solid ” carbide counterpart, the true 
result is almost entirely dependent upon the pro- 
perties and efficiency of the joint between the shank 
and the head. The method of making this joint must 
be operationally as simple as possible to retain the 
economies so far achieved, and must be so devised 


as to permit the utilisation of unspecialised labour. 
Supremely, it has to have the ability to ensure maxi- 
mum and consistent quality of brazing. 

Several methods of heating for such a process are 
available: flame heating by oxy-coal gas or oxy- 
acetylene; electrical resistance application; and high- 
frequency induction heating. Each method has its 
own advantages but the latter is particularly interest- 
ing insofar as it is possible, with suitable jigging, to 
arrange a semi-automatic operation to incorporate 
pre-set control of heating-cycle times and tempera- 
tures, with the applicator unit always at “ immediate 
readiness”. An added advantage is the assurance of 
cleanliness standards so essential to really good braz- 
ing. Basically, such a method would follow general 
R.F. heating practice and some appreciation of the 
principles involved might well be pertinent to further 
discussion. 


high frequency induction heating 


The development of high frequency induction heat- 
ing — often referred to as “eddy-current” heating 
— issues from an astute exploitation of the causes 
generating heat in the laminated core of an electrical 
transformer operating at mains frequency. 

Simple experiments show that when a current- 
carrying conductor is passed through a _ non- 
conductive surface upon which are scattered iron 
particles the latter become oriented in concentric 
circles around the conductor, indicating the presence 
of “sleeves” of magnetic flux. This effect is shown 
in Fig. 11(a). 

The current, when “ direct”, is known to be dis- 
tributed evenly over the whole of the cross-section of 
the conductor carrying it. When alternating, however, 
the current tends to concentrate at the outer surface 
of its conductor—a behaviour known as “skin 
effect ”. At mains frequency the loss of uniformity of 
distribution is quite small, but if the frequency is 
accelerated the concentration at the outer surface 
becomes more intense. When the conductor is 
“looped” or formed coil fashion, the flux field is 
displaced as shown in Fig. 11(b), the flux being no 
longer concentric but, due to the shorter path pre- 
sented by the reduced inner periphery of the coil, 
re-orienting eccentric to the axis of the conductor, 

















intensifying at the inside of the coil and “ throwing- 
out” from the outer and greater circumference. 

Insertion into the coil of an electrically conductive 
workpiece causes the induction of the eddy-currents 
into its mass, producing what is, in effect, a shorted 
secondary of a transformer — heating occurring at 
a rate relative to the frequency of the current alter- 
nation; the electrical resistivity and permeability of 
the workpiece; and the proximity of the surface of 
the material] to the flux field. (Fig. 11(c).) 

It follows, therefore, that adjustments of the 
annular gap between the workpiece surface and the 
inner “ wall” of the conductor coil affects the pene- 
tration depth of the flux field and becomes a means 
of controlling the heating rate when the frequency 
is pre-set. Such adjustment is known as “ coupling ” 
—a “loose coupling ”’, or wide gap, producing lower 
heating rates than a “ tight coupling * — and exten- 
sive investigations into the true effects of these 
adjustments appear substantially to support the pre- 
supposition that the flux density at the surface of the 
work is proportional to the square of the coupling. 

In view of the rather high power requirements, the 
coil, in practice, is made from thin-walled copper 
tubing through which cooling water is circulated, the 
power demand and, therefore, the size of unit neces- 
sary, being determined basically from the simple 
expression : 

(t2—tl) 


Hi = _ agen pea when : 


H == quantity of heat in B.T.U’s. 

M = mass of material limited to the section 
actually to be heated. 

e = specific heat of the material. 

tl = pre-treatment temperature (°F). 

t2 = ultimate temperature (°F). 

s = heating cycle time. 


Since 1 kW is equal approximately to 57 B.T.U’s. 
min., conversion into electrical standards is simply 
accomplished. 

The skin effect of the current, however, leads to 
rather high I’R losses generating a potentially danger- 
ous heating of the copper coil, and the quantity of 
water to be circulated should be of sufficient propor- 
tions to allow the dissipation of such heat in raising 
its own temperature; the power absorbed in so doing, 
and for which allowance should be made, being 
assessed from : 


W = 0.147.Qt/10* when : 
W = power in watts. 
Q = water flow (galls./min.). 
t = temperature of coil (°F). 


For metal melting, “through” heating and deep 
case-hardening of relatively large masses, frequencies 
in the 1 k/cs.- 10k/cs. range produce the most satis- 
factory conditions, these frequencies being supplied 
from rotary equipment and in some cases spark-gap 
generators. But heating of small units such as the 
tungsten carbide heads requires less depth of penetra- 
tion with greater concentration of flux density, both of 
which essentials are satisfactorily achieved with 
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frequencies, generated by valve oscillatory equipmeit, 
of 450 k/cs. - 500 k/cs. 

In actual fact, the determining more exactly of 
frequencies and power outputs required for a given 
application requires consideration also of losses due 
to convection, conduction, radiation and other inci- 
dental factors such as resistivity of the work coil itsel! 
and so on. Only rarely, however, are problems 
worked to such limits as, in any event, it would be 
peculiar indeed to consider other than a standard 
unit capable of power outputs reasonably in excess 
of basic requirements. 

The advantages of eddy-current heating are clearly 
defined and readily appreciated, and an interesting 
evaluation of its economics is shown in Fig. 12. 
Whatever method is utilised as far as the production 
of rotary cutters is concerned — its contribution to 
the quality of the brazed joint is relative only to the 
efficiency of the heat application, the actual physical 
properties of the joint being the responsibility of the 
bonding medium. 


selection of the bonding medium 

Apart from misuse by uninitiated operators, only 
very infrequently are tungsten carbide cutters required 
to be run up to red-heat and then only with the 
sacrificing of hardness characteristics as indicated in 
Fig. 7. Nevertheless, there are specific applications 
which require consideration of such conditions and, 
invariably, the “solid” carbide tool becomes the 
obvious choice; but in such instances where the steel- 
shanked cutter is to be subjected to these high tempera- 
tures, the bonding medium is usually copper with a 
melting point, dependent upon purity of material. 
of between 970°C and 1,083°C —or one of the 
copper/zinc alloys. Generally, the tool when com- 
petently used is not operated under conditions which 
generate saturation temperatures beyond 500°C. The 
use of a bonding medium whic!. retains its proper- 
ties at something like 20°/, in excess of that figure 
proves to give extremely satisfactory results, the 
properties demanded being : 


(a) tensile strength approximating that of the 
shank; 

(b) high ductility to accept the thermal stresses 
developed during the period of cooling from the 
brazing temperatures; 

(c) ability readily to “wet” the surfaces of the 
dissimilar materials — tungsten carbide head 
and steel shank; 

(d) high capillary performance ; 

(e) relatively low melting temperature to limit the 
cracking potential of the difference in the co- 
efficients of thermal expansion — “ straight ~ 
and compound tungsten carbides being respec- 
tively, 5.5(10)* and 6(10)*and steel: 11(10)*: 

(f) short melting range. 


The “ melting range” to which reference is made 
is of singular importance and has been investigated 
extremely thoroughly as a result of examinations of 
tools having failed during service through apparently 
inefficient brazing. A short explanation of the informa- 
tion gained as a result of these investigations will 
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be of considerable value in emphasising the import- 
ance of this “short melting range ” 

Pure metals are endowed with distinct and assured 
melting “ points” up to which they remain solid and 
at which they liquefy. Pure silver for instance melts 
at 961°C but its cost and characteristics prohibit its 
use. Copper liquefies at 1,083°C and, although possess- 
ing excellent properties as a bonding medium, is not 
satisfactory (apart from the instances where the 
finished tool is likely to be used at red heat) in view 
of the desirability for a low temperature brazing 
process. A 71°/, silver - 29°/, copper eutectic, however, 
melts at 778°C but such alloys require additions of 
other elements such as nickel and zinc to reduce 
further the melting temperature, and to confer higher 
strength and ductility. The modified composition, in 
consequence, loses its single melting “point” and 
acquires a melting “range”, the lower end of which 
is referred to as the “solidus” and the higher the 
* liquidus ”. 

‘At the solidus point in the brazing operation only 
a portion of the brazing alloy melts and “ runs” into 
the capillary spaces between the shank face and the 
tungsten carbide head, leaving, momentarily, an un- 
melted proportion awaiting its own solidus tempera- 
ture which is also the liquidus of the original mass. 
This portion may now no longer be in contact with 
its “ carrier” element and is of different composition 
to that of the pre-solidus state. As a result it remains a 
“spacer”’, preventing an intimate unification of the 
two surfaces or enforcing the necessity to increase the 
temperature beyond the specified range to dispel it 
into some functional usefulness. This failing is known 
as “liquation” and detracts from the efficiency 
desired as, even when melted by increase in tempera- 
ture, the offending portion does not intermix evenly 
with that part preceding it into liquidus. 

It becomes evident, therefore, that the liquidus must 
be reached as rapidly as possible after the solidus, a 
necessity which becomes a function of the heating 
rate and —with induction heating —of the coil 
coupling. Undoubtedly, considerable thought must be 
directed towards the acquisition of as short a melting 
“range ” as possible, commensurate with maintenance 
of the physical properties previously mentioned. 

Increasing the silver content lowers the melting 
temperature, shortens the melting “range” and re- 
duces liquation tendencies. Thus, an alloy possessing 
the properties required, synonymous with a short 
melting range, will, inevitably, contain a relatively 





KILOWATTS OUTPUT. 


me 






@ it [kwh 
CYCLE | 


& VALVE 
KILOWATTS OUTPUT, 


OPERATING COST. 


high percentage of silver, and a composition of 50°/, 
silver - 35°/, copper with a balanced remainder of 
nickel and zinc, subjected to extensive trials and 
microscopic exxamination, satisfies the specification 
with : 

(a) tensile strength 35 tons/sq. in. 

(b) elongation percentage 35; 

(c) area reduction percentage 40; 

(d) V.P.N. No. 138; 

(e) melting range 634 - 653; 

(f) capillary effect high; 

(g) “wetting” effect high. 


some aspects of the brazing proccss 

The futility of attempting efficiently to braze to- 
gether two surfaces either of which is oxidised or 
otherwise contaminated is clearly recognised, and the 
removal of all such alien material is an essential pre- 
requisite of successful bonding — the cleaning of the 
surfaces being accomplished, usually, by localised 
vapour-blasting, ultrasonic agitation or by off-hand 
grinding. 

There is convincing proof, however, that none of 
these methods is sufficient in itself to ensure ideal 
conditions at the brazing moment, as atmospheric 
pollution alone may be sufficiently severe as to cause 
failure through progressive contamination immediate- 
ly after the cleaning operation has been completed. 
For this reason immersion of the components in a 
bath of carbon tetra chloride (CCL,) and their reten- 
tion there until required for the pre-brazing fluxing 
operation, is essential — dissolution of grease traces 
and the release of loose particles also being assured. 


the flux 

Irrespective of the jigging method and the type of 
heating application, immediately upon removal from 
the CCL, bath oxidisation of the components re- 
commences. Even more detrimental is the fact that 
as heat is generated during the bonding operation, 
further oxides are produced, and it becomes necessary 
to introduce into the brazing cycle some means of 
countering this behaviour. To perform this duty a 
chemical flux, the functions of which become 
manifold, is used. 

Fluxes, in general, must have low surface tension 
characteristics enabling them readily to flow over 
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A ‘special’ tungsten carbide rotary 
cutter for machining fibreglass. 





the joining surfaces. They must also assist in reducing 
the surface-tension of the molten braze metal, allow- 
ing the latter rapidly to “ wet” the areas to be unified 
and require an inherent ability to dissolve oxidic 
formations, particularly the excesses produced in the 
heating period. In addition, it is essential that the 
flux should be capable of liquefying and becoming 
active at a few points below the solidus of the braz- 
ing alloy — to ensure complete “ blanketing ” of the 
fusion and to eliminate the possibilities of entrap- 
ments and inclusions — yet remain vigorously 
active at temperatures in excess of the liquidus of the 
braze metal. 

Careful selection of a suitable flux, therefore, is of 
utmost importance. Trials with various compositions 
appear substantially to prove that, contrary to general 
suppositions, and distinctly opposing the recommen- 
dations of at least one of the foremost works of 
reference, borax alone is unsuitable as a flux for the 
silver alloys in view of the close tolerances of the 
melting temperatures involved. Development by flux 
manufacturers, aware of this problem, has resulted in 
the production of highly efficient compositions based 
on liberal use of the costly alkali-fluorides. Such 
fluxes, although accepting temperatures of 700°C to 
750°C, remain fluid and fully active at less than 
600°C, while retaining excellent oxide-solvent quali- 
ties and exhibiting ample evidence of the remaining 
characteristics required. 

The brazing process in its entirety consists of a clean- 
ing operation; application of flux and of braze metal 
in either paint form or as a flux paste and alternative 
forms of braze alloy; alignment of head and shank 
by jigging; process-timed induction heating, during 
which the head and shank are forced together as the 
alloy melts; ejection of the assembled components 
into a medium such as mica powder to ensure a slow 
cooling-rate; and post-braze inspection. 


cutting of the teeth or flutes 

The machining of tungsten carbide is a costly 
business, and throughout the engineering world an 
enormous amount of development work has been 
directed towards devising fast removal-rate methods 
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with maximum economy. Electro-érosion and electro- 
lytic grinding are perhaps the most successful of these 
efforts when applied to the more general type of 
hard-metal machining, but adaptation of these 
techniques for the cutting of sharp tooth-formations 
across progressively varying profiles presents some 
difficulties which have not yet been completely over- 
come. Of the remaining alternatives, apart from ultra- 
sonic applications, grinding by silicon carbide and 
by diamond lapping remain superior. For the actual 
grinding of the tooth-formations in rotary cutters, 
the silicon carbide wheel is, of course, useless, through 
rapid loss of wheel-face configuration, and diamond 
lapping is probably the most efficient method avail- 
able by which tungsten carbide is removed, leaving 
a high-quality finish; a consistency of configuration: 
and a minimum of “ white-edge ”’ — a term related 
to the crumbling of the cutting edges. 

The technique of machining tungsten carb‘de with 
diamond tools has many facets, each of which being 
of equal importance to its neighbour in producing a 
balanced whole — a subject beyond the scope of this 
particular Paper. The diamond wheel construction 
itself, with diamond grading, mesh specification and 
concentration of impregnation factors to consider, is 
of cardinal importance, yet no more so than the 
determination of the economical speeds and feeds at 
which it must be used. Of equal concern is the work- 
piece finish; composition of the coolant — its flow 
rate and method of application; design of the wheel- 
spindle and machine as a whole; and methods for 
maintaining the configuration angles of the wheel to 
ensure consistency of tooth-form. 

The unfortunate but necessary dismissal of these 
items in so summary a fashion may well infer a 
deprecation of their individual and collective import- 
ance, and it should be accepted that such an 
inference is contrary to fact. A similar understanding 
applies to the technique of cutting the teeth. 

The fundamental principles of tooth formation — 
radial angles, axial, or helix angles and so on -— as 
applied to conventional milling-cutter design, prevail 
in the early stages of rotary cutter development. But 
from there onward, functional similarities cease and 
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the comprehensive testing for “ removal-rate /cutter- 
life” ratios over a wide range of materials — 
hardened die-steels and Nimonics to brass; ceramics 
to fibre-glass — indicates the necessary divergencies 
from the orthodox, the more important modifications 
affecting, principally, the pitch of the teeth and their 
radial angles or rake, the latter being almost in- 
variably of negative aspect. 

The need for adjustments in the radial angles of 
the tooth form from the conventional positive to a 
negative aspect is related to the low Izod values of 
cutting-grade tungsten carbides. A tooth form of 
positive aspect is subjected to maximum cutting pres- 
sures and impacts at its extremity, the position of 
maximum thrust tending towards fracture of the tooth 
along a line beginning at the location of initial impact 
and breaking out at a point only slightly below the 
rotational periphery of the cutter, the position of the 
line varying with the degree of radial rake and the 
ductility of the material being cut. Progressively, as 
the aspect is altered from positive to negative, the 
point of major thrust is moved inward and across the 
cutting face of the tooth to a location of greater cross- 





sectional area and greater strength. A limit is 
reached, however, at which “hammering” effects 
are introduced which stimulate the induction 
of work-hardening characteristics with diminshed 
stock-removal rates, and it becomes the function of 
the development work to define the optimum tooth 
form, different cutters requiring their own particular 
radial angles and helix. 

Rake and helix, then, qualify as constants and 
cannot be altered once machined. But provided the 
tool is made available with a choice of tooth-pitch — 
fine and medium-cut, for instance, the remaining 
factors of speed and feed, as variables, can endow the 
cutter with considerable versatility. 

Feeds, with a hand-operated tool of this type, are 
completely within the province of an operator’s 
intellectual capacity to “feel” the best cutting rate, 
but unless some guidance on rotational speeds is 
made available to a user, the life of the tool, through 
the probable necessity for premature re-cutting of the 
teeth, is jeopardised. It is therefore incumbent upon 
the tool manufacturer to provide some operational 
advice and recommendations, thereby assisting the 
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user to obtain maximum satisfaction while protecting 
himself against a possible adverse assessment, through 
unintentional misuse, of manufacturing quality. 
The issue, or availability of such recommendations, 
would thus be in the form of a concise but assimilabie 
presentation of the collated data derived from the 
whole exhaustive testing and research, and, with 
associated text, would tabulate the suggested speeds 
relative to given ranges of materials and cutter 
diameters. Some manufacturers prefer to use the 
tooth-pitch and a calculated constant factor is a 
guide to r.p.m., the simple expression—“4(10)° /num- 
ber of teeth = r.p.m.’’—indicating the idea behind 
such reasoning. Yet with dynamometer readings 
demonstrating the distinct relationships between 
tooth-loadings and V.P.N. values, together with 
ductility of workpiece material, it is quite clear that 
some amendments to recommended basic speeds are 
required to be shown so as to ensure as near as 
possible maximum efficiency of the tool on different 
materials. The associated Tables on the preceding 
page are a fair example of clarity based on functional 
evidence, graphic or nomogram presentation being 
avoided for the benefit of users who, generally in the 
majority, prefer to utilise tabulated references where 
more than a pair of factors is involved. 
Achievement of such speeds is usually accomplished 
with pneumatic tools of the vane-motor type such 
as is shown in Fig. 1. No single air-tool, or any other 
known portable tool for that matter, can produce the 
whole range of speeds nor accept all the cutter types 
indicated, yet it would be out of the question for a 
using company to be expected to try to obtain suffi- 
cient different types of air-tools to cover the whole 


permutation. Manufacturers of rotary cutters, there- 
fore, make and/or supply probably three of four 
different types of pneumatic tools, ie., 10,000; 
20,000; 40,000 and 90,000 r.p.m. in combination with 
which their cutters have been designed and tested, 
the intention being to enable a customer to select. 
from a sensibly limited range, an air-tool with r.p.m. 
most suitable for the types of cutter and material 
involver. A 20,000 r.p.m. driving medium, for 
instance, is generally quite satisfactory for use with 
cutters calling for 15,000 - 30,000 r.p.m., the “ fringe ” 
losses usually being comparatively slight; any finer 
adjustments for workpiece finish or stock-removal 
rates being made possible through the availability 
and careful selection of the “cut”, or tooth-pitch, 
of any given cutter relative to an established r.p.m. 

Innumerable occasions arise when tungsten carbide 
rotary cutters are required to be used in fixed-head 
machine tools and specialised rigs, particularly in the 
aircraft, rocket, and nuclear engineering fields. In 
such instances, feeds, speeds, cutter selection and 
characteristics must be more precisely co-ordinated 
and manufacturers are always quite willing to offer 
the benefits of their specialised knowledge and advice 
on such matters. 

Irrespective of the method of application, however, 
some basic advice is made available together with the 
Tables of recommended speeds. A typical example 
is given on the facing page. 
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SELECTION AND USE OF TUNGSTEN CARBIDE 
ROTARY CUTTERS 


The tungsten carbide rotary cutter is an expensive tool, yet, handled and operated with reasonable care, 
it should outlast its high-speed steel counterpart at least 50 times. 


The predominant factors governing the efficient functioning of the tool are classified as follows : 


1. selection of correct type 

Rotary cutters can be supplied with coarse, medium 
or fine teeth, the differences being in the pitch of 
the teeth, their depth and their radial angles. 

For rough machining, the coarse cut removes 
material more rapidly than the medium cut, the latter 
producing a better finish, but for high quality finish- 
ing the fine cut is necessary. 

Two structurally different types are available; the 
solid carbide, i.e., shank and head of tungsten carbide; 
and the steel-shanked type. 

For work requiring extreme pressures of applica- 
tion, the steel-shanked type is more suitable owing to 
the extra toughness of the shank, but tools with a 
maximum cutting diameter equal to, or less than, the 
shank diameter will be supplied only in the solid 
carbide form. 

When cutters are likely to be used at red-heat, they 
must be ordered with this condition particularly 
emphasised. 


2. speeds and feeds 


The brittleness of tungsten carbide is allied to its 
hardness and the necessity for high rotational speeds 
is derived from the importance of minimising tooth- 
loading. 

The optimum feed and speed relationship is usually 
found by experiment and practice, and is a com- 
promise between machining time, finish and tool life. 
With a hand-operated tool, some individual acumen 
on the part of the operator is necessary — careful 
application at the commencement of each traversing 
movement; consistent pressure or “ feel”, and regular 
inspection of the tool to ensure that it is not used 
excessively after its wear demands re-cutting of the 
teeth. Wear becomes apparent when the application 
pressure/stock-removal ratio increases sufficiently 
noticeably to tend towards over-loading or stalling of 
the driving medium, and to cause undue heating of 
the cutter. 

The tool must be kept moving. If the cutter is 
allowed to “sink” into the workpiece to any depth 
greater than a quarter of its diameter, “ locking ” will 
occur resulting probably in broken teeth. It should not 
be lightly skimmed over the workpiece but sufficient 


pressure should be applied to load the teeth and pro- 
duce chips. “ Skimming” will merely accelerate wear 
at the extreme cutting edges and ultimately excessive 
pressure will be required when deeper cuts are 
demanded. 


3. chucking of the tool 


The cutter, during its manufacture, is machined 
to ensure true rotational concentricity. 

Impacts caused through rotational eccentricities 
create fractures in the cutting edges and it cannot be 
over-stressed that whatever chucking arrangement is 
used, it must be capable of holding the tool tightly 
and true, and as close to the head as possible. 


4. rigidity of workpiece 

The rigid holding of the workpiece, unless it is of 
sufficient mass and weight to produce its own rigidity, 
is of considerable importance — any “ bouncing” of 
either the cutter or the work affecting adversely both 
the finish of the unit being machined and the life 
of the cutter. 


5. coolant 


The use of a coolant when machining the lighter 
alloys such as aluminium and magnesium is an 
advantage in reducing the tendency for the teeth to 
become “clogged” with the material. Normal 
soluble oil “suds”, applied copiously, generally 
minimise this trouble. 

Where the application of a coolant is impractic- 
able, occasional lubrication of the tool with tallow or 
grease will be advantageous. Machining of other 
materials is better executed “dry” unless the cutter 
can be positively flooded with coolant. 


6. general 


When the cutter is not in use it should be stored in 
its specially designed protective container. It is 
essential to protect the cutter teeth from impact with 
other tools, etc., during storage and it should be re- 
turned for servicing before the teeth become so badly 
worn or damaged as to make re-cutting impracticable. 


667 





The Inspection Approach to the 


Essential Requirements for the Manufacture of 


Centre Lathes by Line Assembly 


A Thesis by N. BROWN, A.M.1I.Prod.E. 


p frre purpose behind the decision to manufacture 
centre lathes by line assembly was to increase the 
output of the Fitting Shop, using the same labour 
force; thereby reducing the cost of manufacture and 
also providing the means to incorporate additional 
features, giving better value for money. 

The intention was to reduce costs of production 
and to enable a better product to be produced by 
paying more attention to good engineering features. 
These were to be incorporated without increasing the 
price to the customer, while giving him a more 
reliable and obviously better engineered product. 

It was obvious that the role inspection would play 
in the achievement of these results would be impor- 
tant and the realisation of this only became fully 
apparent when difficulties were being dealt with. 

The line assembly method was chosen because it 
contained inherent repetitive operations which ensured 
increased productivity and interchangeability of parts, 
the latter being a necessary feature of a successful 
assembly line. 

This method of assembly is typified by the results 
achieved in the motor car industry and a study of its 
application to centre lathe manufacture reveals points 
of similarity; for example, when comparing the car 
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engine with the lathe headstock, the transmission gear- 
box with the screwcutting feed gearbox. The funda- 
mental difference, however, is in the tests against 
specification of the end product and which, in the 
case of the lathe, is primarily alignment of directional 
movement to very close limits of accuracy. 

Relative values of degree of noise and freedom from 
vibration are other points of difference, but essentially 
alignment determines the whole problem of approach. 
Main requirements of car engine and gearbox include 
smooth, flexible and efficient transmission of power 
to the road wheels. Similarly the lathe must be free 
from torsional vibration but, in addition, close 
accuracy of alignment in various movements relative 
to the lathe spindle is absolutely necessary. 

Good appearance is, of course, essential from a 
sales standpoint and the necessary use of sand castings 
in machine tools is a further difficulty, especially the 
contour matching of adjacent parts when compared 
to the uniformity of contour and surface finish 
normally achieved by metal pressings or plastic 
mouldings in the motor car. 

As a necessary prelude to line assembly, the 
Machine Shop plant had been increased in output 
and quality so that the flow of components would be 





satisfactory when the new method of assembly was 
introduced. The more general adoption of automatic 
equipment was to increase production of components 
of requisite accuracy to a predetermined rate, and it 
was determined that 200 sets of parts was the 
optimum batch quantity. 


inspection considerations 


It was obvious that new standards would have to be 
determined by careful analysis of assembly require- 
ments and that effective liaison would have to be 
developed to ensure that disproportionate cost was not 
incurred in the Machine Shop. 


The degree of success in this respect would also be 
the determining factor in assessing correct times for 
assembly operations. 


During the transition period it was also essential 
that output must be maintained, as the new methods 
would have to be introduced into a Department 
already in existence. 


human element 


Realising the difficulty involved and the important 
part which would be played by the human element, 
the inspection personnel had been chosen with great 
care. Attainment of the new standards laid down 
would not be immediate and co-operation and 
patience in dealing with Machine Shop would be 
essential to obtain improved results. The possibility of 
reclamation of defective parts should be understood 
by the inspector and his assessment of what would 
be economically sound would be consequent upon his 
knowledge of Fitting and Machine Shops. To avoid 
recruiting a needlessly large staff to inspection, it was 
essential that the operations be reduced to a 
minimum. The prerequisite in this respect was to 
develop liaison with the Machine Shop and, as far 
as possible, to anticipate errors before they arose. 
The confidence of the chargehand, and even the 
machine operator, in the helpful attitude of the 
inspector is most important and a man of the right 
temperament in this respect is invaluable in the 
Inspection Department. At the same time, com- 
plaints from the Assembly Department must be tact- 
fully dealt with so that constructive criticism is 
encouraged and not in any way stifled. A careful 
balance between the decision to ask Machine Shop 
to correct, or improve, the quality of a component 
must be tempered with the relative cost of reclamation 
in the Assembly Department. 


standards and development 


The new inspection standards could be established 
only as the new principles of assembly were developed 
but, in some cases, the methods were dependent upon 
the standards which could be consistently attained. 
As previously stated, line assembly achieves greater 
output because of the repetitive nature of operations 
performed. This is attained when the operations are 
as simple and effective as possible. The final assembly 
must be built up from basic sub-assemblies and the 


design of the machine must lend itself to this require- 
ment in the flow line build-up of these assemblies 
into the finished product. The sub-assemblies must 
be such that final assembly can be performed in a 
straightforward manner to desired accuracy. 


Primary analysis determined individual sub- 
assembly standards and detailed analysis then decided 
the accuracy of the individual components. An effort 
was made to ensure that parts were not produced to a 
greater degree of accuracy than was necessary, because 
it was realised there was a possibility that savings 
could be effected in this respect. A further factor 
which was considered was the need for interchange- 
ability of components so that spares could be provided 
to give better customer service, but it was found that 
this was almost automatically ensured if  sub- 
assemblies were to be produced satisfactorily. To 
reduce costs further it was also essential to prevent 
parts being assembled more than once, e.g., marking 
off for taper pinning or location dimples; where 
necessary, jigs and fixtures were recommended for 
this purpose. Filing or scraping had to be eliminated 
to the maximum degree, providing additional costs 
in Machine Shop were not out of proportion. 


It is essential that the rhythm of line assembly 
must not be disturbed by the incorporation of defec- 
tive elements, necessitating their replacement with 
consequent delay, and it is equally important that 
excuses for non-attainment of times set are not made 
on the grounds that sub-assemblies of inferior quality 
have required rectification or replacement. For 
example, in the case of the headstock sub-assembly, a 
Test Department was set up to simulate final running 
conditions as near as possible. In addition to recording 
temperature rise, spindle eccentricity and general 
noise level, test cuts on workpieces were taken to check 
freedom from rotational vibration and chatter. 


Generally the method of approach, therefore, be- 
came the development of standards from assembly 
analysis so that final assembly could be completed 
direct and to requisite accuracy. Investigation into 
Machine Shop methods and equipment was then 
made to determine whether these standards could be 
attained and the formulation of inspection technique 
was effected to ensure, as far as possible, the smooth 
flow of parts of requisite quality being presented to 
Fitting Shop without elaboration. 


Details are given in the following section of some 
the practical considerations involved. 


machine shop problems 


Research into the method of assembly from an 
inspection point of view was carried out to see just 
where improvements were needed in the machining 
of various parts in order to reduce assembly time. 
It was found that the major castings, i.e., bed, gear- 
box, apron, saddle and headstocks, would have to 
be machined to closer tolerances on related dimen- 
sions in order to reduce to a negligible amount the 
hand work necessary to effect the correct alignment 
between each assembly. 
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bed 


Starting with the bed, the primary consideration 
is the correct relationship between the saddle ways, 
which are the front vee and the rear flat, and the 
lower front seatings on which the gearbox and support 
bracket are mounted. A special gauge was developed 
for use in the machining of the bed to check this 
relationship (Fig. 1). Locating from the saddleways 
it incorporated two dial gauges to read directly on 
to the gearbox settings. A master setting block was 
made to preset the gauge which was used by both 
Inspection Department and Machine Shop. 

Jig drilling was further applied to the lathe bed to 
include the dowel holes which located the gearbox 
and shaft support bracket. The holes for securing 
the rack were also jigged so that it was possible to 
mount this direct without checking the vertical 
position with the apron pinion in assembled position. 


saddle 


On checking dimensional variations of the saddle 
and tracing back, it was found that casting distortion 
contributed largely to these errors. This called for a 
new approach in machining in order to keep distor- 
tion well within the limits which had been decided 
upon to cut hand work to a minimum at assembly. 
The technique evolved was to order castings well in 
advance of requirements in order to carry out rough 
machining, removing as much metal as_ possible; 


DIM GAUCES READING Vee & FLAT 
ON APRON SEATING LOCATION. 


Fig. 2. 


allowing to age and rough bedding before finish 
machining with light cuts, the casting being held by 
minimum clamping force. This had the effect of 
reducing general distortion from .010in. to .003 in. 
in 12in.; 75% being held within .001 in. per ft. A 
special gauge was also developed to enable the 
relationship of the apron seating to the vee and flat 
to be checked quickly and accurately. This gauge 
also located from the vee and flat and had two 
dial gauges reading directly on to the apron seating 
(Fig. 2). A master setting template was used in con- 
junction with it to check and reset the clock gauges 
if necessary. Jig drilling was also extended on the 
saddle to cover the dowel holes for locating the 
apron. 


gearbox, apron and support bracket 


On checking the gearbox, apron and support 
bracket, it was found that errors existed which neces- 
sitated a certain amount of hand work to correct. 
Whilst these errors were small, they were outside the 
required limits for direct assembly. On discussing this 
with the works engineer, it was decided to use certain 
jigs for drilling only and adding fixtures for fine 
boring operations. Clamping the castings in some of 
the jigs was found to introduce distortion and this 
was overcome by redesigning the jigs, taking special 
care in location of clamping points. 

Discussions also took place with the Machine Shop 
foreman, chargehands and men, pointing out the 
need of greater cleanliness in use of equipment. The 
jigs must be clean from dust and chips, especially 
at location points, and the castings inserted were to 
be clean at the corresponding points. The most 
accurate jig can become useless by abuse and care 
must be exercised by the workman if the required 
results are to be achieved. 

As this procedure became general, parts were pro- 
duced within the required tolerance. The last step in 
bringing the gearbox, apron and shaft bracket in 
alignment with the saddle was to extend the jig 
drilling to cover dowel holes which locate these items 
on the bed. 


headstock 


The headstock is the principal assembly of a lathe 
and success or otherwise is dependent upon its smooth 
and efficient operation. The parallelism of the shafts, 
accuracy of centres, lack of vibration and close 
running of the gears, correct fitting and preloading of 
roller bearings are fundamental factors on which 
the quality of the machine depends. 

In the particular lathe under consideration, the 
saddleways continue under the headstock and are the 
datum faces from which the headstock is located. 
The form milling of these faces on the underside of 
the headstock is the first operation. Subsequently the 
castings are multi-bored, registering in a fixture from 
the same points (Fig. 3). The errors produced by these 
methods, however, were considered to be greater than 
that which could be attained. Upon investigation, 
several factors were found to be contributory. The 
form milling of the datum faces was found to be 
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inconsistent. A simple bedding plate was made to 
check the castings after milling and any which were 
found twisted were rectified by hand scraping before 
the next operation. This had the effect of reducing 
the errors, but was not yet satisfactory. A further 
check on the boring machine revealed inaccuracies 
in the fixtures and in the alignment of the boring 
heads. These were realigned and set and the resulting 
components were then sufficiently accurate. A simple 
checking fixture was made, consisting of a base plate 
on which two dial indicators could be mounted to 
take readings in two planes simultaneously to check 
the accuracy of the main bores for alignment (Fig. 4). 
No difficulty was experienced in the other bores 
simultaneously produced with the main spindle bores 
providing the latter boring was acceptable. 


gearing 

A quiet headstock at all speeds is very impressive 
to the buyer and reassuring to the operator. Noise 
indicates inaccuracies, even though these may be 
very small in the gears concerned. The reduction of 
noise to an acceptable level meant a closer review by 
inspection of all relevant inaccuracies and was, and 
still is, a most elusive goal. 

Noisy involute gears are caused by: 


malalignment of axes of mating gears; 
pitch circle eccentricity ; 

tooth pitch error; 

involute form inaccuracies; 


lack of or incorrect tip relief on addendum of 
teeth; 


heavy meshing at some point of rolling contact; 


end bedding of teeth contact, due to out of 
parallelism of teeth with gear axis —- a small 
error can be covered by final crown shaving; 


8. dynamic out of balance. 


Close fitting involute splines are used for mounting 
the gears to eliminate almost all radial play between 
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Fig. 4. 


gear and shaft. This involves accurate hardened and 
ground splined mandrels for turning, grinding, gear 
cutting and shaving. Frequent checks on mandrel 
accuracy have to be maintained and same replaced 
at regular intervals. 

To minimise eccentricity, Machine Shop methods 
had to be developed to produce gear blanks which 
were virtually dead true for gear cutting purposes. 

Gear cutting is carried out on modern machines 
and, if the mounting arbors are kept accurate and the 
gear blanks true and clean, then the cut gears are 
to the standard required for shaving. If all the prior 
requirements for gears have been maintained, then 
shaving covering a maximum metal removal of 
.001 in. will produce a form accurate enough to give 
smooth running. The maintenance of shaving cutters 
in a good and accurate condition involves an inspec- 
tion routine which is essential to good gears. The 
cutting edges of the shaving cutter must be sharp 
enough to shave without work hardening and the 
contour of the tooth checked on an involute testing 
machine, deflections of the stylus being electronically 
amplified and charted on a graph recorder against a 
standard master (Fig. 5). No two cutters are absolutely 
identical and improved results have been attained 
purely by changing the shaving cutter in use. 
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The amount of shaving must be kept to a minimum 
to avoid work hardening. Multi-lead hobs giving 
an accurate mean form but relatively coarse surface 
finish have been found to be of help in this direction. 

The open type changewheel gear trains to the 
gearbox have been a major noise problem at high 
speeds. Reference back to Design resulted in the 
introduction of an intermediate fibre gear and this 
department are considering now the worthwhile en- 
closure in an oil bath of these gears. 

An alert Inspection Department is an asset to 
Design and Development, indicating to them the 
weakness of present details and the difficulty involved 
in achieving and maintaining standards and suggest- 
ing new lines of approach. Recommendations to the 
Production Departments are also made where it is 
felt that the adoption of new techniques will reduce 
cost and yet maintain desired standards. 


assembly testing 


Sub-assembly inspection standards are. very impor- 
tant. Each sub-assembly must be interchangeable and 
inspected on all relevant points before being passed 
forward for inclusion in final assembly. Requirements 
have to be such that the final assembly goes forward 
smoothly without interruption and with the minimum 
of rectification, so that the final assembled machine 
is of the quality desired. 


headstock sub-assembly 


On completion of the headstock it is necessary that 
the unit be put through a number of tests before 
passing off for inclusion in the final assembly. To do 
this, each headstock is mounted on a test lathe and 
the necessary driving belts are connected thereto. The 
spindle is now run through the range of speeds to 
check for smoothness of operation and that the noise 
level at each speed is within the required limits. This 
test involves examination of the preloading of the 
spindle. Rough and finish turning test cuts are made 
at each speed to ensure spindle rigidity and to check 
the smoothness of finish. Usually the roughing cuts 
were satisfactory if the detail components were of the 
quality required, but the desired finish was more 
difficult from the point of view of maintenance of 
the right standard. Incorrect preload of the Timken 
bearings on the main spindle or inaccurate rolling of 
mating gears are principally the cause of inferior 
finish. 

When the gearing was at fault, satisfactory 
alternative gears for this particular speed were used 
and the reject gears reshaved to improve the form to 
give the required finish. This involved a certain 
amount of trial and error until the right combination 
produced the right finish. By pursuing _ this 
methodical process of elimination, each of these 
points was checked and made satisfactory. 

Erratic operation of the machine caused by un- 
balance, to which reference has previously been made, 
was finally prevented by the use of an electronic 
balancing machine. Spindle sub-assemblies, complete 
with all rotating masses, are now balanced in an 
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adjoining department to the Finished Parts Stores; 
tested units are stored en bloc until required in the 
Fitting Shop. 

The headstocks were then run at lowest and 
highest speeds in order to check temperature levels, 
and excessive heat generated at higher speeds usually 
involved purely the readjustment of the Timken 
bearing preload. 

To eliminate the latter difficulty, a torque test 
which measured freedom of spindle rotation was 
introduced in conjunction with Messrs. Timken Ltd., 
the actual reading of the spring balance being pre- 
viously determined by experiment. 

It had been hoped that standards would be 
developed for the gear tooth form which couid be 
regularly produced and checked on the involute form 
testing machine to such a degree of accuracy as to 
eliminate the trial and error method of assembly, 
but this was not found feasible. Preliminary testing 
as described did, however, ensure that errors were 
corrected before final assembly and a smooth flow to 
the finished condition was thereby attained. 


saddle and slide assemblies 


The saddle front vee and rear flat are checked 
against a master for bedding at the same time as the 
cross slideways are checked for squareness. In 
scraping the saddle bearing surfaces, any variation 
that occurred in the squareness was simultaneously 
corrected. Saddles which had passed inspection in 
the Machine Shop were sometimes distorted when 
inspected at sub-assembly. This was due to the settling 
of the castings and, after due consideration had been 
given to the possibility of artificial ageing, it was 
found that less trouble was experienced if a lapse of 
time, involving two or three months, was allowed 
prior to sub-assembly. Corrections made in the 
Machine Shop at this point were then usually per- 
manent and no further distortion occurred. 





Fig. 6. 
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apron and gearbox - 


The apron sub-assemblies were more straight- 
forward and did not involve any final assembly 
difficulty. The gear boxes had to be checked for free 
running at all feeds, primarily on the tumbler assem- 
bly, and these were mounted on a sub-assembly test 
fixture and driven at high speed to ensure that noise 
was within prescribed limits and particularly that 
the meshing of the tumbler gears was correct. 


final assembly 


When the lathe is finally erected, alignment tests 
are conducted to The Institution of Mechanical 
Engineers and The Institution of Production 
Engineers Acceptance Tests for Machine Tools, and 
turning tests are made over the full range of speeds 
and sample feeds as a check on previous sub-assembly 
results. 


foundry requirements 
appearance 

The finished appearance of the lathe to a large 
extent depends upon the quality of the castings and, 
in particular, to the mating of associated contours 
(Fig. 6). In this respect a good deal of liaison was 
necessary between factory and foundry to achieve 
satisfactory results. 


datums 


The first step was to establish datum points to 
which first operation machining could be referred. 
The best locations had to be determined in conjunc- 
tion with the Machine Shop and the Assembly 
Department and appropriate fixtures were modified 
where necessary to achieve the required blend 
between adjacent castings. The information thus 
obtained was duly conveyed to the foundry and the 
decision made regarding the method to be employed 
in order to produce castings with minimum variation 
relative to the datum points. The decision also 
included other deviations from casting uniformity 
such as flashings, coreholes, etc., so that it was 
clearly understood what standards were required and 
what would be accepted. This introduction of casting 
inspection tests saved considerable time in Machine 
and Erection Shops. 


patterns 


If patterns are in use too long without repair, or if 
the foundry do not keep their moulding boxes, and 
particularly the locating pins, in good condition, 
errors become apparent in the castings. This can 
cause considerable delay in the Machine Shop, so a 
constant check on castings is repaid by higher pro- 
ductivity. 


summary 


The effective operation of inspection calls for an 
intimate knowledge of Machine Shop and Erection 
Department techniques, practice and procedure. The 
unquestioning acceptance of inspection decisions is 
something that is aimed at, but very rarely completely 





VEER FLAT 
LOCATION 


achieved. The proof of the correctness and wisdom 
of past decisions paves the way to future confidence. 
Any laxity or indifference very soon upsets what 
has been gained by a struggle. 

Good work is not purely a reflection of the 
efficiency of the Inspection Department, but is the 
result of team work and collaboration between the 
departments involved. The quality of a machinist’s 
or fitter’s work is the concern of his chargehand or 
foreman as much as that of the inspector. An operator 
should be confident of the quality of his work, but the 
inspector safeguards the maintenance of the set 
standards and can advise the operator of the steps 
he should take to help in meeting them. 

Within reason, discussion initiated by the Inspection 
Department on any aspect of manufacture can lead 
to helpful decisions, but the final word must rest 
with the departmental authority delegated to that 
responsibility. 

At all stages the simplification of inspection tech- 
niques has been carefully borne in mind, and the 
elimination of unnecessary measurement in proportion 
to the development of consistent machining methods 
has been effected wherever possible. 

Checking fixtures, such as shown in Figs. 7 and 8, 
and elsewhere in the Paper, for determining critical 
dimensions of associated parts have been utilised 
whenever an opportunity was presented. 
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The guiding principle throughout 
has been that delay or dis-assembly is 








intolerable in line assembly, but if effec- 
tive methods are developed to obviate 
this condition, tremendous results can 
be achieved. Proof of this statement 
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will be seen by an examination of the 
chart at Fig. 9, from which a saving 
of 50% in assembly time has been 
attained at the expense of an additional 
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Decline of British Machine Tool Industry 


I know the British as a race are’ quick to criticise 
themselves but I would like to criticise in a practical 
light and illustrate the decline of the British machine 
tool industry. 

As a young qualified production engineer it has 
been my custom in civilian life to visit the British 
Machine Tool Exhibition at Olympia and it is always 
a source of amazement to see the large number of 
so-called British machine tool manufacturers display- 
ing foreign machines. 

I am at present stationed in Germany where I will 
shortly be finishing my National Service as an Officer 
in R.E.M.E., and recently visited the Machine 
Tool Exhibition in Hanover. It is difficult to describe 
the vast area this exhibition covers but I think it will 
suffice to say that the floor area taken up by machine 
tools is some six times greater than that at Olympia. 
A total of more then 777 separate firms exhibited, 
out of which over 650 were German manufacturers. 
Of the 123 odd foreign exhibitors, only about 14 were 
British, some of which were still displaying foreign 
machines. 
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The question we must ask is how can one country, 
which only a few years ago was crippled by war. 
stage such a magnificent exhibition showing the world 
its unchallenged skill and vast industrial wealth and 
potential? Could the answer to this be that the 
British machine tool manufacturer is too content to 
make his money by selling foreign machines, rather 
than spend money on developing his own industry? 
Certain of the large British machine tool manufac- 
turers no longer really need a factory, as they invari- 
ably offer a foreign machine in preference to a 
machine they make, or could make with a little 
thought and effort. 

If Britain were to join the European Common 
Market, then it is more than likely that the British 
machine tool industry as a productive body would 


finish, and it would become a “clearing house”, 


feeding foreign machines to industry. Until our 
machine tool industry completely collapses, it is up 
to organisations such as PERA to try and shoulder 
the burden of development and research on limited 
funds from industry. Compare this with development 
in Germany, Italy, France and Switzerland, where 
machine manufacturers are pouring money, aided by 
their Governments, into development and expansion. 

The only expansion done by the British machine 
tool industry seems to be that of rapidly expanding 
sales organisations to deal with selling to British 
industry the ever-increasing numbers of foreign 
machine tools. 
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Fifteenth Annual General Meeting 


The 15th Annual General Meeting of the 
Association was recently held at Melton Mowbray. 

Sir William Stanier, F.R.S., was re-elected President 
of the Association. The following were newly elected 
to PERA Council : 

Mr. G. F. Shrigley (Humber Ltd.); 

Mr. R. H. S. Turner (A.E.I.(Manchester) Ltd.). 

The following retiring members of Council were 
re-elected : 

Mr. L. L. Bott (Davey, Paxman & Co. Ltd.); 

Mr. J. O. Bowley (A.E.C. Ltd.); 

Mr. F. V. Everard (Belliss & Morcom L.td.); 

Mr. W. M. Hurton (English Electric Co. Ltd.); 

Mr. E. A. Hyde (Wickman Ltd.); 

Mr. F. P. Laurens (International Computers & 

Tabulators Ltd.). 

At a Council Meeting on the same day, Sir Basil 
Tangye (Tangyes Ltd.) was re-elected Chairman of 
Council. Mr. A. L. Stuchbery (Metal Box Co. Ltd.) 
and Mr. G. Ronald Pryor (Edward Pryor & Son Ltd.) 
were also re-elected Vice-Chairmen of Council. 


Chairman’s Report 


The Chairman’s Report stated that work on 39 
general investigations was carried out during 1959 
on press-working, machine tools, blanking and pierc- 
ing, cutting tools, high-speed hobbing, cold extrusion 
of steel, automation lubricants, thread rolling, vibra- 
tion, ceramic tools, hydrostatic slideways, etc. During 
the year 27 sponsored investigations were completed 
and 35 new investigations of this type were initiated 
on behalf of individual firms; in addition, 284 
practical investigations were completed. These investi- 
gations have included the measurement and analysis 
of sources of vibration in machine tools, studies of 
the application of non-metallic materials to slideways. 
development of special-purpose machines, etc. 

The number of technical enquiries submitted by 
members again increased substantially during the year 
to about 4,000 and there was also a large increase 
in the number of sponsored technical investigations. 
This work included the design of various types of 
production equipment, improvements in factory lay- 
out, work handling, process planning, work study. 
efficiency surveys, re-designing products for more 
economical manufacture, etc. A number of firms also 
retained PERA engineers continuously to advise on 
the reduction of manufacturing costs. Considerable 
interest has been raised in many countries by PERA’s 


cover-to-cover translations of Russian technical 
journals under the titles “ Machines & Tooling ” and 
tc ; “ana - ; 

Russian Engineering Journal”. Both journals con- 
tinue to provide convincing evidence of the rapid 
progress being made by Russia in many fields of 
production. 


Education and Training 


Heavy demands were also made by members on the 
educational services. Several of the intensive five-day 
courses for managers, production engineers, foremen, 
planning engineers, etc., were modified to take 
account of recent developments in production techni- 
ques and equipment. Specialised courses on metal 
cutting were also revised to allow more time for 
practical demonstration as additional machinery had 
been acquired for the demonstration workshop. The 
series of two-day refresher courses for engineering 
personnel was also extended. In addition to courses 
on tool and cutter grinding, machine tool alignment 
and performance testing, and machine maintenance, 
courses are also now available on inspection and 
quality control. 


Management Economics 


The Report also refers to the rapid growth of the 
new Department of Management Economics set up 
last year to assist members with organisational 
problems, production control, administrative systems, 
paper-work simplification, etc. The Department is 
conducting assignments in the production, commercial 
and financial departments of many large and small 
companies, and has sucessfully implemented _ its 
recommendations over a very wide field. 


Income and Membership 


Income for the year totalled £341,838, an increase 
of £51,691 over 1958. This has allowed the Associa- 
tion to expand the staff and facilities and extend 
the scope of the services available to members. 

At the end of 1959, membership had risen to 798 
companies, an increase of 61 over the previous year. 
The number of Associate Members (Technical 
Colleges and Engineering Departments of Universi- 
ties) increased slightly during 1959. To ensure 
maximum co-operation between Associate Members 
and the Association, a College Co-ordinating Com- 
mittee was formed in 1959 and met at PERA on 
two occasions during the year. 
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institution notes 


National Conference, Brighton 


The Institution’s National Conference on “ Modern Trends in the Manipulation of Metals”, which took 
place last month at Brighton, was attended by over 350 members and non-members, with their ladies. 


The excellence of the Papers presented and the lively discussions which followed combined to make this 
a most successful gathering, from which those present derived much interest and value, while the Civic 
Reception and Dance, when members of the Conference and their ladies were received by the Mayor and 
Mayoress of Brighton, Alderman and Mrs. A. J. M. Johnson, and the Presidential Reception and Dance on 
the final evening, were thoroughly enjoyed. 


The Conference Proceedings will be published in The Production Engineer, commencing with the January, 
1961, issue. Preprints of most of the Papers presented may be obtained from the Publications Department, 10 
Chesterfield Street, Mayfair, London, W.1, price 3s. 6d. each, post free. 





Lord Austin Prize Award, 1960 


This Award, which is open to all Student and Graduate members of the Institution between the ages of 21 
and 30 years inclusive, is made annually for the best essay on one of three subjects. 


The closing date of entry for the 1960 Prize, is Saturday, 31st December, 1960. 


Full details regarding the Terms of Reference of the Prize and the subjects set for this year are available 
from The Registrar, The Institution of Production Engineers, 10 Chesterfield Street, Mayfair, London, W.1. 





The Control of Production Processes 


A Course for Works, Plant and Production Engineers, on “The Control of Production Processes”, is being 
held in the University of Nottingham during the winter, terminating on 21st February, 1961. This is the sixth 
Course of this kind, the syllabus being derived from the requests of those who attended the last course. It con- 
sists of 15 meetings, held in the new First Year Teaching Building of the Applied Science Faculty, from 7 p.m. 
to 9 p.m. 


Non-transferable registrations may be made in the name of individuals at a fee of five guineas; transfer- 
able registrations in the name of a firm or organisation at a fee of six guineas. Full details may be obtained from 
The Organising Secretary, Engineers Course, 1960, Faculty of Applied Science, The University, Nottingham. 
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NEWS OF MEMBERS 


Mr. T. D. Walshaw, Member, has recently relin- 
quished his appointment as Head of the Engineering 
Department at Darlington College of Further 
Education, to take up the post of Head of 
Mechanical and Civil Engineering Department at 
the Harris College, Preston. 


Mr. G. A. Blackshield, Associate Member, has been 
appointed Assistant Sales Manager to Impregnated 
Diamond Products Limited, Gloucester. 


Mr. N. A. Butterworth, Associate Member, is now 
Senior Lecturer in Production Engineering at the 
Harris College, Preston. Mr. Butterworth, who is a 
member of the Preston Section Committee, also 
serves on the Institution’s Standards Committee. 


Mr. F. A. Checkley, Associate Member, is now Chief 
Draughtsman, Tool Design, with James Howdern & 
Co. Ltd., Glasgow. 


Mr. L. M. Harman, Associate Member, has taken up 
an appointment lecturing on Production Engineering 
at the Maidstone Technical College. 


Mr. F. Knighton, Associate Member, has taken up an 
appointment as Senior Lecturer at the Mid- 
Warwickshire College of Further Education, 
Leamington Spa. 


Mr. L. Magee, Associate Member, has recently joined 
joined Messrs. Head Wrightson Steel Foundries Ltd., 
as Works Manager, Teesdale. Mr. Magee was 
formerly with Messrs. Crofts (Engineers) Ltd., 
Bradford. 


Mr. Alexander McKay, 
Associate Member, has 
been appointed Works 
Manager of The L. S. 
Starrett Co. Ltd., Jedburgh, 
Roxburghshire. He joined 
the Company in September, 
1958. Mr. McKay was a 
member of the Dundee 
Section Committee, and was 
at one time a_ part-time 
teacher in engineering sub- 
jects at Dundee Technical 
College. 


Mr. Lionel Robinson, Associate Member, has relin- 
quished his position of Production and Technical 
Manager at the Production Engineering factory of 
J. Lyons & Company Ltd., and has taken up an 
appointment as Group Production Engineer with 
Powell Duffryn’s consulting company, Powell Duffryn 
Technical Services Ltd. 


Mr. H. M. Falconer, Associate Member, has recently 
left the United Kingdom to take up an appointment 
as Polysius Resident Engineer for the Duncan 
Stratton & Co. (U.K.) Ltd., Karachi. 


Mr. G, Yates, Associate Member, has relinquished his 
position of Assistant Lecturer Grade “B” at the 
Walker Technical College, Oakengates, Shropshire, 
and has taken up an appointment in Production 
Engineering subjects at the Reading Technical 
College, Reading. 


Mr. R. B. Wilkinson, Associate Member, formerly 
Manager of the Sunderland Factory of Bristol 
Siddeley Engines Ltd., has been appointed Chief 
Buyer (Bristol Factories). 


Mr. J. Winstone, Associate Member, has been appoint- 
ed Production Manager with Morris Motors Ltd., 
Radiators Branch (Oxford and Llanelly). 


Mr. G. Winton, Associate Member, is now Plant and 
Services Works Manager with James A. Jobling & 
Co. Ltd., Sunderland. 


Mr. J. E. Adlington, Graduate, has left I.C.I. Ltd., 
Billingham Division, County Durham, and has taken 
up an appointment as a Mechanical Engineer with 
the Ministry of Works, Northern Nigeria. 


Mr. A. G. Callimachos, Graduate, has won a scholar- 
ship from the French Government for nine months 
further studies in engineering at the Ecole Nationale 
Supérieure d’Electricité et de Méchanique, University 
of Nancy. 


Mr. W. Jenkinson, Graduate, has taken up an 
appointment with the North Riding Education 
Authority as an Assistant Lecturer Grade “B” at 
the Cleveland Technical College, Redcar. 


Mr. K. Seshadri, Graduate, has relinquished his posi- 
tion of Senior Jig and Tool Designer at Lockheed 
Brake Co. Ltd., Leamington Spa, and has now joined 
the University of Khartoum, in their Faculty of 
Engineering. 


Mr. M. J. Walsh, Graduate, has now left The English 
Electric Co., in Liverpool and has taken up an 
appointment with The United States Time Corpora- 
tion in Dundee, Scotland, as Production Control 
Manager responsible for Production Control activities 
on the Continent and in Great Britain. 
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DIARY FOR 1960-196I 


NOVEMBER 10 


The 1960 Sir Alfred Herbert Paper, at The Royal Institution, London. 


Speaker: Professor R. E. Lane, Nuffield Department of Occupational 
Health, University of Manchester. 


Subject : “ Health Services in Industry.” 


1961 


FEBRUARY 9 ‘ 
(changed date ) 


The 1960 Lord Sempill Paper, at The Royal Institution, London. 
Speaker : Sir Percy Hunting, F.C.I.S. 


Subject : “ The World’s Future Transport Requirements.” 


The 1961 Viscount Nuffield Paper, at The University of Bristol. 


Speaker : Sir Willis Jackson, F.R.S., Director of Research and Education, 
A.E.|. (Manchester) Ltd. 





NEW BRITISH STANDARDS 


Copies of the following British Standards, recently issued, may be obtained from 
the British Standards Institute, 2 Park Street, London, W.1, at the prices stated. 


B.S. 1748 : Methods for the analysis of copper alloys. 
B.S. 1748 Part 6: 1960 Tin (nickel coil reduction 
method). 3s. Od. B.S. 1748 Part 7: 1960 Silicon 
(photometric method). 3s. Od. B.S. 1748 Part 8 : 1960 
Phosphorus (photometric method). 3s. Od. 


B.S. 1831 Supplement 2: 1957 (Ref. PD3866) — Re- 


commended common names for pesticides. 2s. Od. 
B.S. 3228 : Procedures for obtaining properties of 
steel at elevated temperatures. B.S. 3228 Part 1: 
1960 Proof stress. 3s. Od. 
B.S. 3248: 1960 Sparkguards for solid fuel fires. 3s. Od. 
B.S. 3251 : 1960 Hydrant indicator plates. 4s. Od. 
B.S. 3252 : 1960 Ingot tin. 4s. Od. 


B.S.3253: 1960 Phenolic-resin bonded asbestos-paper 
sheets for electrical insulation at power frequencies. 


_ — : 1960 Seat belt assemblies for motor vehicles. 
s. 6d. 


B.S. 3255 : 1960 Presspaper for electrical purposes. 6s. Od. 


B.S. 3256: 1960 Small fusion-welded air reservoirs for 
road and railway vehicles. 6s. Od. 


B.S. 3257 : 1960 Principles and terms for the description 
= _— (with special reference to fibre contents). 
s. Od. 


B.S. 3259 : 1960 Peters’ aural specula. 3s. Od. 


ISO RECOMMENDATIONS 


ISO /R104 : Ball and roller bearings — boundary dimen- 
sions. 5s. Od. 


ISO/R113 : Ball and roller bearings accessories. 5s. Od. 
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Members are reminded of the following Library rule, which is frequently ignored : 
“The initial loan period is one month, and borrowers may keep books and 
periodicals for further periods of one month, if they ask the Librarian, and if 

no other borrower wants them. Applications for renewal may be made by 


post or telephone.” 


Benge, R. C. ** Technical and Vocational Education in the 


United Kingdom: a Bibliographical Survey.” Paris, 
UNESCO, 1958. 51 pages 

One of a series of bibliographies published by UNESCO 
intended to illustrate the development and present state 
of technical and vocational education in member 
countries. There are informative annotations, and a 
detailed subject index. 


Eisler, Paul. ** Technology of Printed Circuits : the Foil 


Technique of Electronic Production.” London, Heywood, 
1960. 405 pages. Illustrated Diagrams. 60s. Od 

The author briefly surveys other techniques of pre- 
fabrication, but concentrates chiefly on the foil technique 
of electronic circuit production which was invented by 
himself. The book is a guide to practice, and an account 
of the more academic aspects of the subject. There is 
an extensive and useful bibliography. 

Contents:- The basic story of printed circuits — The 
confused start of a new technology (Papers by Dr. C. 
Brunetti; J. A. Sargrove; and C. W. A. Dunner) — The 
principles of method selection and the foil technique — 
Watching printed circuit production — From the drawing 
to the photo-stencil — Litho printing — Photochemical 
printing processes— Plating and foil technique — 
Ancillary operations — Laboratory routine — Design — 
Conventional components for assembly with printed cir- 
cuits— Printed circuit trouble shooting — Automatic 
assembly in the electronics industry — Regeneration of 
ferric chloride — Weight saving and heat dissipation — 
Miniaturization — Printed components — Microwave 
printed circuits; a short survey — Printed circuits and 
the electronics industry — Appendix 1. Examples of 
commercially available adhesives for foil bonding — 
Appendix 2. The control of strength of etching solutions 
— Double life layer process —- Plating solutions and some 
principles of the automatic plating plant. Description of 
R.C.A. programmed punching machine — Approximate 
analysis of the characteristic impedance of flat strip 
transmission lines — Characteristics of flat strip trans- 
mission lines of importance in applications — Biblio- 
graphy. 


Slaymaker, R. P. “ Mechanical Design and Analysis.” New 


York, Wiley; London, Chapman and Hall, 1959. 418 
pages. Illustrated. Diagrams. Tables. 76s. Od. 


This is a text-book for an undergraduate course in 
machine design. Part 1 (pages 1-92), deals with a few 
topics essential to the machine designer, with which the 
student may not already be familiar. Part 2 is an ex- 
pression of the author’s conviction as a teacher of 
engineers, that individuals are more readily interested 
in the details of a specific problem, than in the theory 
embodied in the problem. The author, therefore, departs 
from the common “ theory followed by problem ” method 
of presentation, in which the problems are exercises in 
the use of theory and usually have one answer; and 
presents instead a collection of projects based on real 
industrial design problems in a variety of named com- 
panies. These create a need for theory, and have a 
variety of solutions. There is an abstract at the begin- 
ning of each project for the benefit of the instructor, 


but the projects themselves are directed to the student. 
The first five are such as a young engineer might be 
expected to undertake without much supervision; the rest 
are successively more demanding of creative thought, 
and more difficult. The text is interspersed with series of 
exercise problems based upon the project, with suggested 
procedures for answering them. The usual preliminary 
reviews of basic subjects such as mechanics, strength of 
materials, and metallurgy, are omitted, because the 
author prefers the student to use the fundamental texts 
on these subjects, at the time he needs to, rather than 
a pre-printed summary at the beginning of the course. 

The author’s aim is to “give the student confidence 
by showing him that he can solve engineering problems 
with the fundamental tools he already possesses rather 
than to burden him with a set of special tools to fit every 
problem he may encounter ”’. 

Contents:- Part 1. General Topics. Introduction — 
Limit dimensioning — Materials and processes — Cyclic 
loads, stress concentrations, factors of safety and working 
stresses. Part 2. Specific Projects. A drive shaft layout 
problem — Magazine feed for a Bliss press — Redesign 
of a commutator assembly — Available force in a squeeze 
riveter — Alternate details of a hand crank —A few 
creative problems— The drive shaft of an impact ex- 
trusion press — Critical speed for a shaft assembly — 
The leaf spring of a tractor for a tractor trailer combina- 
tion—A relief valve spring for a flow control valve— 
Bearing cap bolts for an automobile connecting rod—The 
rods for a steering system—Metal-clad rubber bushings— 
Sleeve bearings for a gear reduction unit — Needle bear- 
ings and planetary gear trains—-- Kinematic design of 
spur gears — Strength and durability of involute spur 
gears — A work and gear speed reducer for an electric 
furnace hoist — Bevel gear layout and design — Air 
brakes for the front dolly of an electric loader — Belt 
drive for a compressor. 


United Nations, Geneva. “ Proceedings of the Second 


United Nations International Conference on the Peace- 
ful Uses of Atomic Energy.” Geneva, 1958. Volume 19. 
“The Use of Isotopes: Industrial Use.” Geneva, the 
United Nations, 1958. 366 pages. Illustrated. Diagrams. 
Contents:- Session 5b. Progress in the use of isotopes. 
Erwell and Ljunggren. Recent use of radioisotopes in 
Sweden — Spinks. Applications of isotopes in research 
and control — Putnam. Industrial application of radio- 
isotopes— Luoto and Rotkirch. Tracer techniques in 
Finnish industry — Leveque et al. New applications of 
radioelements in France — Fisher and Cassin. Production 
and use of radioisotopes in France — Atomic Energy 
Bureau. Radioisotopes and high energy radiation in 
Japan — Baimler.. Non-destructive testing in Czechoslo- 
vakia — Topchief et al. Applications of radioisotopes — 
Aebersold and Fowler. Developments in industrial appli- 
cations of radioisotopes — Libby. The Atomic triad — 
Pochin. Medical value of radioisotope localisation — 
Record of session. Session D-7. The use of isotopes in 
industry. New developments reported to the conference — 
Erwell. Solid-liquid interfaces and surface layers — 
Schultz et al. Use of activation in isotope techniques — 
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Rumyantsev and Matsyuk. Isotopes for checking thin- 
walled products — Cook et al. Isotopic fluorescent X-ray 
production and applications —Oshida et al, Non des- 
saiaeies inspection in Japan— Deterding and Calow. 
Engine wear measurement in moving vehicles — 
Zaslavsky et al. Action of anticorrosive additives — 
Pavelesco and Iliuc. Radioisotope study of lubricant film 
thickness— Owaki et al. Industrial measuring equipment 
in Japan—-Green and Cheek. Low energy photon 
sources for industry — Danguy and Grard. Measurement 
of thin layers by backscattering — Bogdanova et al. 
Radioisotopes in metallurgical research —Gruzin et al. 
Diffusion elements in zirconium and titanium alloys — 
Simnad, Advances in metallurgical research — Saito. 
Process analysis in the chemical and metal industries — 
Abid Husain. Investigations of backscattered Beta radi- 
ation — Fodor and Varga. Determination of tungsten in 
steels by backscattering —- Brook et al. Radiographic and 
radiometric study of metals — Fodor and Varga. Phos- 
phorus analysis in steel by isotope dilution — Varga and 
Fodor. Inspecting the technology of a continuous casting 
— Bozoky. Current efficiency in aluminium furnaces — 
Eiecholz and Roberts. The adsorption of tracers on 
mineral particles — Plaksin. Flotation studies with radio- 
graphy and radiometry — Llopis et al. Tracer study of 
reaction of copper with polysulphides — Herrman et al. 
Tracer study of antimony migration in a lead battery — 
Reiffel. Measurement and control methods using radiation 
~— Berthold. Continuous measuring of hydrogen in hydro- 
carbons — Levin et al. Rapid bacteriological detection 
and identification — Gotte. Fission products as tracers in 
chemistry — Shumilovsky, et. al. Relay instruments 
using radioactive isotopes — Weinzierl and Mayerhofer. 
A recording method for water-level fluctuations — Trost. 
Control and measurement of levels and densities — Hull 
and Macomber. Flow measurements by the. total-count 
method — Pecsock et al. Radiation in sanitary engineer- 
ing — Sauerwein and Hossner. Investigations into carry- 
ing fine coal— Peteou. Radioactive tracers in oil 
extraction in Roumania—Inman and Chamberlain. 
Tracing beach sand movement with radio-active sand — 
Gilbert et al. Tracing undersea sand movement with 
radioactive silver — Reifenschweiler. A suitable tritium 
carrier for gas discharge tubes — Record of session. 


Wilson, Robert F. ** Colour in Industry Today: A practical 


Book on the Functional Use of Colour.’ London, Allen 
and Unwin, 1960. 90 pages, Colour plates. 


The functional, as opposed to the older symbolic or 
purely aesthetic, approach to the subject of colour is 
emphasised in this book. The principles of the science 
of colour, the psychology of colour, and its practical 
applications are dealt with. The author stresses the 
advantages to industry of planned colour schemes, which 
include such benefits as increased productivity, less 
absenteeism, reduced accident rates; and he urges the 
close co-operation of colour consultants and lighting 
engineers. 

Contents :- Widening horizons —- Colour vision — The 
psychology of colour— The uses of colour (e.g., Safety 
colours; machinery colours; identification colours) — 
Lighting in industry — Seeing and planning — Suggested 
colour schemes — Hospitals and schools. 


Woodbury, Robert S. “History of the Gear Cutting 


Machine: an_ historical study in geometry and 
machines ” Cambridge, Mass., Massachusetts Institute of 
Technology, Technology Press, 1958. 135 pages. 
Illustrated. Diagrams, (Technology Monographs, Histori- 
cal Series, No. 1.) 

The history of the gear cutting machine begins early in 
the 16th century, and may even be associated with some 
of Leonardo’s drawings. The author traces its history from 
the 16th century and attempts to show the relationship 
between the complex geometric theory and its embodi- 
ment in metal. The interests of 17th and 18th century 
mathematicians seems to have arisen from a desire to 
increase the speed and efficiency of the gears in mills, 
where, although the speeds were low, the load was 
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substantial. Precision craftsmen such as clock and 
astronomical instrument makers seem to have accepted 
empirical solutions for the form of their gear teeth, 
probably because their gears operated at low speeds under 
small loads, and, in the case of clock makers, the gears 
ran in only one “direction and backlash did not have to 
be considered. Precise solutions to gear teeth problems 
were sought and found in the design of production 
machinery after 1800. The higher speeds and greater 
complexity of machinery during the 19th century and 
after, were made possible by the fact that the gear 
cutting machine had become a production tool. 

This is the first of a series of monographs intended to 
form the basis of a history of tools. 

Contents:- The Mathematics of gears—The Geometers 
— The translators— The scientific mechanics — The 
clock and instrument makers — The first gear cutting 
machines—— The instrument makers — Production gear 
cutting machines— Types of gear cutting machines — 
The first production machines, 1800 - 1850 — Evolution 
of the production machine, 1850 - 1910 (Formed cutter 
types; Template types; Describing generating types; 
Moulding generating types; Hobbing types; Impression 
types). — Automatic gear cutting machines, 1875 - 1910 
— Precision gear grinding and gear measurement — Con- 
clusion — Bibliography. 


Woodbury, Robert S. “* History of the Grinding Machine : 


a historical study in tools and precision production.” 
Cambridge, Massachusetts, Massachusetts Institute of 
Technology, Technology Press, 1959. 191 pages. 
Illustrated. Diagrams, (Technology Monographs. Histori- 
cal Series, No. 2.) 


The grinding machine is one of the most recent of the 
machines to come into industry, but the grinding process 
to shape materials to men’s needs is one of the earliest 
we know. In his introduction the author orientates the 
reader by surveying the history of grinding from the 
Neolithic (Stone Age) period (15,000 -5,000 B.C.), but 
in his monograph he ignores the use of grinding as a 
method of working materials other than metals, and 
begins his history at the time the process was first 
mechanised, probably in the 9th century of our era. He 
devotes most space to late developments during the 19th 
century and afterwards. He considers grinding as a metal- 
working process to be of great industrial significance, and 
he attempts to indicate the historical influence of a given 
tool on the industrial production it makes technically 
possible. Later monographs will deal in the same way 
with the history of high-production automatic machine 
tools. The book is well illustrated by photographs and 
diagrams. The technological growth of the grinding 
machine is illustrated graphically on the endpapers, 
where the changes in the machine itself and in the size 
and proportion of the grinding wheel used on it, are 
co-ordinated with the resulting improvements in precision 
and cutting capacity. 

This is the second of a series of monographs intended to 
form a basis for the writing of a history of tools, the first 
being a History of the Gear Cutting Machine. 

Contents:- Introduction—Early mechanisation of grind- 
ing, 850 - 1830 A.D. — The beginnings of the industrial 
grinding machine, 1830 - 1860 — The grinding machine 
comes of age. Beginnings of precision grinding, 1960 - 
1905 — The grinding wheel. Transition from natural 
abrasives to the artificial wheel, 1820 - 1910 — Charles 
H. Norton. Heavy production grinding, 1890 - 1920 — 
Specialised grinding wheels meet the demands of industry, 
1895 - 1930 — High speed production grinding, Auto- 
matic and Centreless— Modern grinding wheels and 
surface finish, 1910-1950— The science of grinding, 
1900 - 1950 — Conclusion. 


Worth, T. B. “** The Technological University of Delft, 


Holland.” Birmingham, College of Advanced Technology, 
Department of Engineering Production, 1959. 5 pages. 
Mimeo 


Notes on the organisation and curricula of the university. 
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FINISHES 


International Harvester Company, world-famous manufacturers of industrial and agricultural tractors 
and machinery, specify R.I.C. finishes to provide the hard-wearing protection needed for heavy-duty 
equipment. R.I.C. supply specially formulated finishes to the leading manufacturers in widely varying 
industries. If you have a finishing problem make use of R.I.C. experience and service! 





This versatile, 
hardworking McCormick 
International B275 tractor 
is protected by a tough 
weather resistant 

RIC finish. 








)) INDUSTRIAL FINISHES 


ROBT INGHAM CLARK & COMPANY + HEAD OFFICE: 93-97, NEW CAVENDISH STREET * LONDON - W1 * TELEPHONE: LANGHAM 0831 
DEPOTS: BELFAST, BIRMINGHAM, BRISTOL, GLASGOW, LEEDS AND LIVERPOOL 
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name in chucks’ 
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“ Your dealer can supply 

genuine Jacobs chucks in all sizes INSIST 

for light, medium or heavy duty”’ ON 
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Orders coming in fast ? Splendid! But not if they come in 

faster than you can handle them. If you can’t meet the demand, United 
you may lose that business to your competitors. 

That’s where UDT comes in. UDT helps you replace old 
equipment, add new, out of income. Which often means it ne 
pays for itself out of increased profits. A nice business-like way Limited 
to do business. If you think UDT could help you, get in 
touch with the Manager of your nearest UDT office —the 
address is in your local directory. 


Dominions Trust 
(Commercial) 


United Dominions House 
Eastcheap . London . EC3 
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Mobil D.T.E. Oils stand 
head and shoulders above 
all ordinary oils. They 

give ba/anced protection 
and performance that 

no oil on the market 
today can equal. 


Mobil D.T.E. Oils give 
you the following 
advantages: 


LONGER OIL LIFE 


QUICK SEPARATION 
FROM WATER 


FREEDOM FROM 
DEPOSITS 


PROTECTION AGAINST 
RUST AND CORROSION 


LESS WEAR 


HIGH TEMPERATURE 
STABILITY 


Mobil D.T.E. Oils 
to reduce 
maintenance 
costs and 
increase 
production 


ASK THE MAN 
FROM MOBIL ABOUT 
BALANCED OILS 


Our representative will give you 
the facts—the facts about the 
performance of Mobil D.T.E. Oils 
in comparison tests with other 
well-known hydraulic and 
circulating oils. Ask the man 
from Mobil to call and explain 
how Mobil D.T.E. oils can 
reduce maintenance costs and 
increase production 


ECONOMY, SERVICE 
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Education, Park Square, Luton, Bedfordshire. 
. P. Speakman, 223 Douglas Road, Atherton, near Manchester. 
. R. Douglass, Gateshead Technical College, Durham Road, Gateshead, Co. Durham. 
. G. Easterbrook, “ Hilleen”, 22 Ascot Park, Knock, Belfast. 
I. Hilder, 2a ‘Gorse Road, Thorpe, Norwich. 
K. Liquorish, 28 Mona Street, Beeston, Nottingham. 
K. F., Watson, 30 Stanway Road, Headington, Oxford. 
N. Holmes, “ Arncliffe”, 11 Mary Armyn Road, Orton Longueville, Peterborough. 
M. A. Goody, 1 Langdale Crescent, Ribbleton, Preston, Lancashire. 
P, J. Smallbone, ‘‘ Maryfield ”, Darlington Road, Basingstoke, Hants. 
W. G. Clements, 11 Charing Road, Gillingham, Kent. 
W. Edwards, c/o E. Pryor & Son Ltd., West End Works, Broom Street, Sheffield, 10 
W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury. 
J. W. Taylor, High Mead, Kane’s Hill, Thornhill, Southampton. 
E. R. Easman, 4 Onslow Close, Chingford, E.4. 
W. Elliott, 1 Longview Avenue, Alsager, Stoke-on-Trent. 
C. L. Clarke, 11 Alder Road, Cimla, Neath, South Wales. 
W. Roberts, “Rosecroft”, Thirsk Road, bog mee Yorkshire. 
A. Eustace, 19 Ferndale Road, Northville, Bristol, 
W. T. Vaughan, “ Windsor ” 19 Windermere onl ‘Tettenhall, Wolverhampton, Staffs. 
R. Wheeler, Old Farm House, 7 Parish Hill, Bournheath, near Bromsgrove, Worcestershire. 
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Birmingham ... 


Coventry 
Leeds 
Liverpool 
London 
Luton 
Manchester 


CORRESPONDING MEMBER IN MIDDLE EAST 


J. Merkine, 45 Arlozoroff Street, Ramat-Gan, Israel. 


CORRESPONDING MEMBER IN RANGOON 


J. T. Foster, Office of the Principal, Regional Marine Diesel Training Centre, 
Dalla Dockyard, Inland Water Transport Board, Phayre Street, Rangoon, Burma. 


CORRESPONDING MEMBER IN FEDERATION OF RHODESIA AND NYASALAND 
R. P. W. Curtis, Copper Belt Technical Foundation, Chingola, Northern Rhodesia. 


CORRESPONDING MEMBER IN WEST AFRICA 


H. P. Halfter, Gold Coast Railways & Harbour Admin., 
P.O. Box 202, Takoradi, Ghana, West Africa. 


GRADUATE SECTION HONORARY SECRETARIES 


J. R. Brownsword, 202 Buryfield Road, Solihull, Warwickshire. 

N. A. Martin, 2 Home Farm Crescent, Whitnash, Leamington Spa. 

B. Noble, “ Laneside”, 25 Intake Lane, Batley, Yorks. 

S. D. Allanson, 27 Scargreen Avenue, West Derby, Liverpool, 11. 

B. W. Jenney, 58 Langdale Gardens, Perivale, Middlesex. 

D. A. Slough, 41 Felix Avenue, Luton, Bedfordshire. 

T. A. Bainbridge, 7 Jubilee Milnrow Road, Shaw, Nr. Oldham, Lancashire. 


Neweastle upon Tyne tn M. Dewhurst, 6 Gerrard Road, Whitley Bay, Northumberland. 
Rochester & District — D. M. Samson, 123 York Road, Maidstone, Kent. 


Sheffield 
Western 


P. Brown, 21 Rowan Tree Dell, Totley, Sheffield. 
R. J. M. Watt, 19 Cranham Road, Henleaze, Bristol. 


Wolverhampton rie — I. R. Jones, “Shalimar’’, Clive Road, Pattingham, Wolverhampton, Staffordshire 


LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman : 
D. R. Stockdale, 12 Northwood Road, Hilsea, Portsmouth, Hants. 


Honorary Secretary: 
B. G. Cousins, Dept. of Industrial Engineering, College of Technology, Loughborough, Leics. 


MATERIALS HANDLING GROUP 


Chairman : 
F. E. Rattlidge, Evered & Company Ltd., Smethwick, 40, Staffordshire. 


Secretary: 
I. B. King, Technical Officer, 10 Chesterfield Street, Mayfair, London, W.1. 


EDUCATION DISCUSSION GROUPS 
London Centre 


Chairman: 
C. C, Spanswick, 24 Mill Drive, Hove, 4, Sussex. 


Honorary Secretary: 
D. R. C. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
Midland Centre 


Chairman: 
W.L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick. 


Honorary Secretary: 


N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield. 
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Right-Angle Chucking Lathes 


The lathe shown above accommodates work up to 60 in. 
diameter. 18 Mechanical speed changes are provided and a 
40 h.p. D.C. motor, with 6: | infinitely variable range provides 
power via a Ward Leonard set. Overall spindle speeds, 
1 to 120r.p.m. Two saddles are fitted and the right-hand 
saddle has a swivel type hydraulic copying unit. Motor speed 
can be controlled from either saddle by selector switch to give 
constant cutting speed across the face of the workpiece. 


Other Right Angle Chucking Lathes are available as shown 
on the left in a range of sizes for maximum diameters of 
24 in., 36 in. or 48 in. Hydraulic copying is a standard feature 
of these lathes. 


GEORGE SWIFT & SONS LTD. 
HALIFAX - ENGLAND 


Member of the Asquith Machine Tool Corporation 





Seles and Service for the British Isles 


Member of the Asquith Machine Too! Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Centra/ 0922 
sy 
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3PS Radial Drilling Machine 


with ATLANTIC Co-ordinate Table 
for fast holemaking 






and accurate positioning 





The Asquith Type 3PS Radial Drilling Machine with pre- 
selection to speeds and feeds can be used to advantage for 
programme-controlled drilling or boring operations utilising 
the Atlantic table, as illustrated, to provide positional 
accuracy. The close-up view on the left shows the control panel 
of his table set-up for punched card selection of drilling 
positions. 


WILLIAM ASQUITH LTD. 


HALIFAX - ENGLAND 
Member of the Asquith Machine Tool Corporation 


Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Centrai 0922 
A442 
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The hydraulic press for high-output 








The illustration shows a 12 ton Hi-Ton hydraulic press equipped with the standard 
Hi-Ton electro mechanical indexing table which is arranged with eight indexing 
stations. The table rotation is controlled by the return stroke of the press and the 
whole unit can operate on a continuous automatic cycle. 


The Hi-Ton hydraulic press can be pre-set to operate at any required pressure 
from zero to maximum of the press — a feature which ensures maximum tool life 


and therefore still further gains in output. 











ple 


HYDRAULIC PRESSES 


Sales and Service for the British Isies 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 


KING EOWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trofaigar 7224 & GLASGOW Phone; Central 0% 
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MILLS 


~_—s< PRECISION TURNED PARTS 
The latest Swiss Automatic 
machinery has been installed to enable 


3 us to offer a greater variety of small 
a — precision turned parts. These machines 
. enable us to produce sizes up to %" dia 


and 2%," long with a superior finish, and at 
i more advantageous prices. We are confident 
| that we can assist you with your supply and 
e cost problems. 


EXORS OF JAMES MILLS LTD (exq) 


: BREDBURY STEEL WORKS * WOODLEY, NEAR STOCKPORT 
Phone: WOOdley 2231 (7 lines) 3431 (7 lines) — Grams: Mills, Phone, Woodley 
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No need for additional 
machines and extra floor space 












DIMENSION 
INDICATORS 




















* Reduce stoppages Ls 4 
for measurement 
after each cut. 


* Increase machine | 
utilisation and 
output. 


* Reduce setting Uf 
errors. é 


* Direct readings of workpiece 
dimensions give greater speed and 
accuracy. 





> 


Full technical details on request 


English Numbering Machines Ltd. 


Dept. 3K - QUEENSWAY - ENFIELD - MIDDX - HOWard 2611 (5 lines) - Grams: Numgravco, Enfield 





ENE 


HENRY BERRY & CO. LTD., LEEDS, 


Or potick ptr Kormante 
ae lak capacity a have installed this model S.R.14, shown 


turning a 154” diameter cylinder for 


an overhung press, at 270 ft./min. with 


0.015” and 5/16” depth of cut. 


LATHES 


CENTRE LATHES FROM 17 in. (430 mm.) TO 42 in. (1065 mm.) SWING 
SURFACING AND BORING LATHES OF 17 in. (430 mm.) and 25 in. (635 mm.) SWING 
LATHES FOR SPECIAL PURPOSES/MATERIALS 


ENHAM’S ENGINEERING CO. LTD., HALIFAX, ENGLAND. 
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Remove steel fastest ... 
by using Firth Brown high speed steels 


To achieve high production rates in cutting both soft and hard 
materials in the modern machine shop, efficient high speed steel 
tools are essential. 


The Firth Brown range of highly alloyed tool steels develops an 
outstanding combination of the principal characteristics required in 
cutting tools—hot hardness, wear resistance and toughness—which 
enables them to retain their cutting ability at speeds, feeds and 
depths of cut. 


Send for section 7 of our “Steels” Brochure for fuller details. 


SPEEDICUT © 
HIGH s 
SPEED ~ ® 
















STEELS 





ALLOY STEELMAKERS . FORGEMASTERS . STEEL FOUNDERS . HEAVY ENGINEERS 


THOS. FIRTH & JQHN BROWN LIMITED ‘ SHEFFIEL O 4 ENGLAND 
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CUT HERE 
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CUT HERE 


Electrical Aids in Industry 


Infra-Red Heating 





Infra-red heating is the name given to the method 
of using in industrial processes radiant heat from 
heaters specifically designed for that purpose. 
This differentiates it from methods employing 
both radiation and convection, as in furnaces, 
although the effect of the radiation is much the 
same in both cases. 

Radiant heat provides a higher rate of heat trans- 
fer to bodies not highly reflective than does con- 
vection, unless high-velocity forced convection is 
used. The rate of heating of a body depends upon 
the intensity of radiation on its surface, the pro- 
portion absorbed by the surface and, subsequently, 
on heat conduction. In heating very thin bodies, for 
example paint films, the radiation not reflected nor 
absorbed passes through and is in turn reflected 
or absorbed by the underlying material. This 
reflected heat is partly 
absorbed by the paint fe. 
film ‘“‘on the way back’’. 
Despite this effect it is an 
exaggeration to claim that 
infra-red ‘“‘heats from the 
inside out” and it remains "ere be ae 
largely a surface heating wanes 
effect except in a few y UMA 
special cases. 

Infra-red heaters mainly use metal-sheathed 
elements in special reflectors, but infra-red lamps 
with internal reflectors are still used in special cases. 
Other types use silica-sheathed elements or quartz- 
sheathed lamps in reflectors. A wide range of 
heaters is available with simple mounting arrange- 
ments to enable heat to be applied quickly and 
effectively either in a production line or in some 
odd corner. 

Control of the charge temperature is effected by 
regulating the heating time and power. In the case 
of a moving charge, this is done by adjusting the 
conveyor speed and the number of heaters in circuit, 
i.e., by adjusting the effective length of the oven. 
Some of the heaters may be controlled by energy 
regulators or adjustable transformers. 

The advantages of 
infra-red heating over 
convection heating in- 
clude reduced heating 
times, reduced floor 
space, lower instal- 
lation costs, almost in- 
stant starting, ability 
to focus the heat, and 
flexibility in effective 
oven length. Infra-red f oa, 
ovens can often be 
mounted in the roof, saving valuable floor space. 
Infra-red heating is not generally favourable for 
heating large bodies of low heat conductivity. 
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Paint Stoving 
Not all paints are suited to infra-red radiation, but 
suitable paints are stoved quickly and often give a 


1 industrial usesof electricity. Ask for a catalogue. 
he a] 
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Data Sheet No. 13 


better finish. Synthetic enamels are the most 
suitable. Articles successfully stoved include motor 
car bodies, wheels and 
other accessories, refri- 








gerator and washing ma- yf 

chine cabinets, cylindrical C * 
drums and barrels, metal - = 
furniture, valve hand ¢ 2 
wheels, metal toys and a _ « 
host of other articles. G ? 




















Lacquers and varnishes 
are being quickly and effectively stoved on jewellery, 
packing strips, tubes, films and similar products. 
Special infra-red lamp ovens stove synthetic finishes 
on wooden furniture and components. In all cases 
stoving times have been reduced very considerably. 


Moisture Extraction 
Sheathed element heaters are particularly useful for 
drying surface water films, their radiation being 
readily absorbed by water. High rates of drying are 
possible provided the water vapour can readily 
disperse. Drying of “contained’’ water can be 
effected provided the water can diffuse from the 
interior at a rate equalling the surface drying rate. 
With heat-sensitive materials sheathed element 
heaters may have to be arranged to move away from 
the material to avoid overheating if the conveyor 
stops, being interlocked with the conveyor for this 
purpose. Lamps are sometimes used instead for 
such materials because of their 
instantaneous cut-off. 

Infra-red is widely used for 
drying coatings and inks on paper 
and textile products, bottle seals 
and labels, clayware and glazes, 
pigments on leather and many 
other products. 





Plastic Heating 


Infra-red heating is widely used in the plastics and 
allied industries. Typical applications are the pre- 
heating of flastic pellets and of sheets prior to 
moulding, curing of plastic and rubber sheets and 
belts, heat setting of nylon and similar fabrics, 
drying and curing of latex films on carpets and many 
others where a plastic forms the whole or part of 
the product. 

The above are just a few examples of successful 
applications of infra-red. In many other processes 
infra-red heaters can often be fitted quickly and 
cheaply, to save time, labour and floor space and, 
therefore, money. 


For further information, get in touch with 
| your Electricity Board or write direct to the 
| Electrical Development Association, 2 Savoy 
Hill, London W.C.2. Telephone: TEMple 
Bar 9434. 

Excellent reference books on electricity and 
productivity (8/6 each, or 9/- post free) are 


available — “‘Resistance Heating” is an ex- 
ample; “ Induction and Dielectric Heating” is 
another. 


E.D.A. also have available on free loan in 
the United Kingdom a series of films on the 
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In their maintenance shop at 
London Airport B.O.A.C. have a 
number of W.M. Lathes, both 
series 85 and 70 Junior. These are 
engaged on high grade precision 
work, and it is due to the most 
satisfactory experience of these 
tools in production that B.O.A.C. 
have periodically added to their 
complement of W.M. Machines. 


WAKEFIELD ROAD 


WOODHOUSE € MITCHELL | "=" 


GRAMS:— ‘WOODHOUSE BRIGHOUSE’ 
WM 29 
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PNEUMATIC TOOLS 



























ny 

MAXIMUM POWER 
NO NOISE 

NO BLAST 



















Model 7386C 
—high speed 
drill. 


—these advantages are offered 

for the first time by the 
ARO-BROOMWADE Golden 
Silence range. The noise is destroyed 
by a specially developed exhaust 
system. An external porous-bronze 
diffuser, exclusive to 


Model 7429C 
ARO-BROOMWADE, breaks the pe 
: push-pull 
force of the exhaust air and tapper; 
diffuses it so gently that it slow speed, 


will not disturb a flame held high torque. 


only inches away. 


Model 7276C 
reversible 
screwdriver and 
nutrunner, 

with adjustable 
clutch. 










Only ARO-BROOMWADE Tools 


have GOLDEN SILENCE 
Write for publication No. 444 T.E. 








AIR COMPRESSORS & PNEUMATIC TOOLS 
YOUR BEST INVESTMENT 


BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND 
Telephone: High Wycombe 1630 (10 lines) Telegrams: “Broom”, High Wycombe (Telex) 667 SAS 
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First British built 
VACUUM BELL FURNACE... 


for bright annealing copper wire 
















installed in the U.K 


In Ramsbottom, Lancashire, 
F.D. Sims Ltd. now have EFCO vacuum 
plant for bright annealing copper wire 


in coils and on spools. 








This installation consists of an 85 kW 
bell furnace with six bases 
and ‘speedivac’ 


pumping gear. 


; es * Made by Edwards High Vacuum Ltd. 
This first all-British 


installation of 
its kind was 
designed and 
built by... 


the best of the worlds furnace designs 





ELECTRIC RESISTANCE FURNACE CO. LTD 


NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 389/ 


Associated with Electro-Chemical Engineering Co. Ltd 
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CUSTOMERS OF CARBORUNDUM 


Bert Kilgour has worked at the main 
factory of A.V. Roe & Co. Ltd, at 
Chadderton, for 40 years, and is now 
the senior foreman of the toolroom, 
in which 300 men are employed: 
“Must be one of the biggest tool- 
rooms in the country,” Bert says. 
“We started getting grinding wheels 
from CARBORUNDUM in 1936, and 
they’ve supplied most of our wheels 
ever since then. That’s for the whole 
factory — not just the toolroom. 
Why? Well, because their wheels do 
a good job, and give us good service. 
They’ve always been ready to help 
us when we’ve asked them to.”’ 












“The tools for machining 





jobs on the Avro Vulcan 
are mostly ground 
on wheels from 


CARBORUNDUM” 


says Bert Kilgour 






core OE “eo Ae! Sn : > 
CARBORUNDUM can help YOU Products by 


In mostofthe majorindustries, of the world, cARBORUNDUM 


is helping top firms to make better products, to cut costs, 
and to speed production. In the sharply competitive R B oO R U ] D U ea! 
industrial climate of today there are three main conditions Cc A 


for success: high quality, low prices, and early deliveries. — 


CARBORUNDUM Can help you to meet them all. can cut your costs 


THE CARBORUNDUM COMPANY LIMITED: TRAFFORD PARK:-MANCHESTER 17 - Phone: TRAfford Park 2381 
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Cave 12/to 15/-in every £1 


ON SHORT AND mepium RUN PIERCING- 


aie 







18” x 12” x 16 S.W.G. Mild Steel Plate 


63 openings 4” to 12” diameter 


plus slots, corners and Time (secs.) 
rectangles up to 43” x 23” ... 189 
Rotate turret 14times ... ... 28 
Unload blank... ... ... «.. 8 
Total ns secs. 


Total floor-to-floor time 3 min. 45 secs. each 


eatpedraguans No more setting up or marking out! No more costly tooling! 


EXHIBITION Wiedemann tooling is standard tooling —circles, squares, clusters, 
pong shapes—mounted in rotatable turrets, always in accurate alignment, 

Snachester always ready for instant use. Piercing positions accurately located 
November 21 - 25 on the press itself and changes in layout made 


ke 


quickly, cheaply. SONI 


British WIEDEMANN 


TURRET PUNCH PRESSES 


Write for the New Brochure EE/182 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel: WESTERN 8077 (8 lines) Telex: 23182 Grams! ACCURATOOL LONDON TELEX 


NNMINANALL Lt 
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POLISHING LATHES 


AND 
POLISHING SHOP 
REQUIREMENTS 


B. O. MORRIS LTD. - MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
Telephone : 53333 (PBX) Telegrams : MORISFLEX, COVENTRY 


PRODUCT OF THE Md GROUP 
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This new system is perfection in tool 
holding. The tool is carried in a non-stick 
taper in the spindle nose and secured 

by a draw bar via a bayonet type 
attachment. The quick lock and hydraulic 
release are operated from a switch. 


* Guarantees speedy, accurate and safe 
tool changing. 


* Eliminates damage and wear. 


* Simple to operate. 





* Reliable in performance. 
* Available on Series 45, 72 and all Kearns 


1a > Re RNS Patent Horizontal Boring Machines. 


_—_~ 


* patent tool 
hold with 
hydraulic 
release 


* Another KEARNS development for improved production efficiency 


\" H. W. KEARNS & CO. LIMITED, BROADHEATH near MANCHESTER 


KSG 14 
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Advanced Techniques 


Engineers who habitually think in terms of advanced techniques 
know that epoxy resin dies offer savings in the cost of tools, 

whether for prototype, pre-production or short runs. 

The punch and die shown are used by Ransomes Sims & Jefferies, 
Ltd. for pressing casings for one of their latest types of lawnmower. 
The final die and punch comprise low-cost cores faced with 

Araldite epoxy resin. This system provides press tools which are 
easily and quickly made, and cost less, so that Araldite tools show 
great economies in comparison with traditional metal equivalents. 
Production runs exceeding 8,000 pressings have been achieved 
with dies made from these materials. Modifications are simple 
and can be conveniently effected. May we send you our 
book ‘‘Araldite Resins for Tooling”, which will give 
you design information ? 


Araldite 


EPOXY RESINS 


Araldite is a registered trade name 












CIBA (A.R.L.) LTD., Duxford, Cambridge - Telephone : Sawston 2121 
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DEDICATED 10 your SER VICE 
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problem presented 15 a problem solved — when placed before this organisation of 
technical specialists in metal cleaning and stripping. “S.A.C.” service 1s nation-wide 


—shs representatives able to advise you on the spot — tts recommendations backed by the most 





up-to-date laboratory and manufacturing facilities. “SA.C.” processes cover every phase of 


cleaning, servicing and protecting all metals during manufacture and maintenance. 





SUNBEAM ANTI-CORROSIVES LTD. 


CENTRAL WORKS + CENTRAL AVENUE + WEST MOLESEY - SURREY 
Telephone: Molesey 4484 (5 lines) Telegrams: Sunanticor, East Molesey 


Manufacturers of 


STRIPALENE «© FERROCLENE *« ALOCLENE +: FERROMEDE + BRAZOCLENE 
(Regd. Trade Marks) 


_ APPROVED BY ADMIRALTY, WAR OFFICE AND AIR MINISTRY 
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Original 
PFAUTER 


P.400 Production Hobbing Machine. 


pom 


~ Speautte |” 


Pfauter hobbing, co 

bining these three tec 

niques Climb cutting, } 

Ultra hobbing, Exclusive Ka i 

diagonal cutting gives | . 4 
fastest hobbing times ever ‘ 

with precision, fine flank | 
finish and extended hob 

life. 





s i 
D.R.A. Duplex Hobbing 
\ Machine with conveyor loading 
\N WWW. WWW "FP 
\ 
. 7 
“\ he 
™ « 
P , é 
“ 
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MANUFACTURING PROGRAMME 
Vertical Work Mounting 


Model Max. Gear Max. Gear 
dia. in. width in. 

RSOO 10/6 
P250 10/8 
P251 10 
DRA duplex 10 
P400 16 
P630 25 
RSIV 30 
P900 35 
P1250 49 
RS3V 72/47 
P1800 

P.160 Horizontal Hobbing P2500/3000 


Horizon 


a: 
VAN OC 


aterelOlGir WM Steeles SIRI 4 QUEEN ST., CURZON ST., LONDON, W.! 


GROSVENOR 8362-5 


YY ly Telephone: 
; Midland O ffice and Demonstration Dept: 


wales 
TRENT WORKS - WILFORD CRESCENT - NOTTINGHAM 


yy Telephone : NOTTIN GHAM 88008 
U NAP 4066 
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for perfection in diamond wheels 


MANUFACTURED BY IMPREGNATED DIAMOND PRODUCTS LTD - GLOUCESTER 


DISTRIBUTED BY UNIVERSAL GRINDING WHEEL COMPANY LIMITED - STAFFORD 





leer 








The Production Engineer 


NEW 
LEVER 

-OPERATED 
CHUCK 


for use 
with 
Crawford 
Multibore 
Collets 


CRAWFORD 
COLLETS 
LIMITED 


Witney - Oxon 
Witney 334 










CRAWFORD 
RAPIDGRIP 





This powerful new dead-length chuck is particularly suitable for bar 
and second operation work; fitted with a Crawford rear support stop 
it can hold exceptionally short pieces. It is designed for operating 
Crawford Multibore Collets with their }” size range. There’s less 
operator fatigue, too, because Rapidgrip’s simple, powerful rack and 
pinion gear is easier to operate than more direct lever systems of 
collet closing. Another special feature is the fixed front cap which 
ensures constant accuracy. An independent key allows easy bore 
adjustment. 


London Stockists: Acbars Limited 16-18 Macleod Street 
Walworth Road London SE17 Rodney 7191 


Midland & N.W. England Stockists: Retselp Engineering Ltd 
Vulcan Road Industrial Site Lode Lane Solihull 
Birmingham Solihull 2239 


a Agents for N.E. England: Alfred Herbert Ltd Carliol 
Square Newcastle 1 Newcastle 28864 


Agents for Scotland: R. McSkimming & Co 65 West 
Regent Street Glasgow C2 Douglas 7391-2 
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FOR ARGON -ARC 





For welding the high-nickel alloys, as with other materials, there are special filler 
wires made to give the best results. Don’t spoil good material by using the wrong grades. 























MATERIAL ARGON-ARC FILLER-WI.E MATERIAL ARGON-ARC FILLER-WIRE 
MONEL* corrosion-resisting alloy 60 MONEL INCONEL* oxidation-resisting alloy NC-82 
INCOLOY* — INCO-WELD ‘A”* 
er eo INCOLOY* DS heat-resisting alloys meco-wan ‘Aa’? 
Low-Carbon AT nickel 61 nickel 
DURANICKEL* age-hardenable nickel 61 nickel 
NIMONIC* 75 NC-82 
K MONEL* age-hardenable corrosion- NIMONIC* 80A | high-temperature alloys NC-90 
Ripe * 1c. 
resisting alloy 64 K MONEL NIMONIC" 90 NC-g0 
= - * , = , , = - 
NI-O-NEL* corrosion-resisting alloy 65 NI-O-NEL eneemenay* ‘a? — 
BRIGHTRAY* ‘C’ | high-temperature NC-82 
CORRONEL* 210 . mis CORRONEL 210 BRIGHTRAY* ‘H’ | electrical resistance NC-82 
‘ rr n=? tin 
CORRONEL* 220 — eeiitted CORRONEL 210 BRIGHTRAY* ‘Ss’ | alloys NC-82 
CORRONEL* 230 CORRONEL 230 BRIGHTRAY* ‘F’ INCO-WELD ‘A’* 
c * Trade mark 


We have available a 16-mm sound film in colour entitled ‘Welding of Wiggin High-Nickel Alloys’ which 
is available without charge for showing to engineering societies, training classes, etc. Write for details. 





Full details of welding techniques by all processes are given in our welding handbook, 
‘Welding, Brazing and Soldering of Wiggin Nickel Alloys’. Write for your copy. 


SEND NAME 
FOR THIS COMPANY 
BOOKLET _— 


PE/M38/11 


a HENRY WIGGIN & CO. LTD : WIGGIN STREET : BIRMINGHAM 16 
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FOR LONGER LIFE! 











MANUFACTURED BY 


IMPREGNATED DIAMOND PRODUCTS LTD - TUFFLEY CRESCENT - GLOUCESTER 
DISTRIBUTED BY 


UNIVERSAL GRINDING WHEEL COMPANY LIMITED - STAFFORD - TELEPHONE: STAFFORD 381 
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a precision lathe — 
with flame hardened bed 
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the SMART & BROWN 


MODEL 


S.S./S.C. TOOLROOM LATHE 






Distance between centres: 24”. 1” Collet capacity 
12 Spindle speeds available: 30 to 2500 r.p.m. 
Threads: 4—112 t.p.i. 


ONE OF BRITAIN’S FINE LATHES ~ Designed for the operator 


MAKERS OF PULTRA MICRO LATHES AND GRINDING MACHINES 


RRP 2623 


Smart & Brown (machine tools) Ltd. 
25 MANCHESTER SQUARE - LONDON - W I 
Telephone: WELbeck 7941-5 Cables; Smartool, Wesdo, London 


| 
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Another aduttion to the 





Kenge of hhauction Heaters 






jj 


INDUCTION HEATING UNITS 


These 6 kW induction heaters have been designed for con- 
tinuous operation and incorporate the latest design techniques. 
The generators are of medium impedance output being 
suitable for general purpose heating applications such as 
annealing, brazing, hard and soft soldering, hardening and 
tempering. The availability of a high work coil kVA in 
association with multi-turn coils permit the heating of a 
wide range of ferrous and non-ferrous loads. 


The oscillator value may be either air cooled (Type 
R.F. 3/A) or water cooled (Type R.F. 3/W) depending upon 
customer requirements. With the R.F. 3/A water is used 
only for cooling the tank and work coils. In the case of the 
R.F. 3/W a common water supply is employed for cooling 
the oscillator valve, tank and work coils. 
| Due to the simplicity of operation unskilled labour may be 

employed enabling production costs to be reduced. The 
controls, indicator lamps, anode current meter and process 
‘HE timer are conveniently grouped on the front panel. Compact 

design allows the equipments to occupy the minimum of 
floor space. The equipments in operation are extremely 
dependable as a result of advanced design and the use of 
components of proved reliability. 


~ 2 
(9 PROCESS HEATING 


To Pye Ltd. Process Heating Division, 28 James Street, Cambridge 
Please send me details of Pye Process Heating Equipment. 














FREE TECHNICAL ADVICE is offered on the applica- 
tions of R.F. heating to Tempering, Brazing and Harden- 





sai ing processes etc. Our technical representatives are at NAME 
your service, or we will send you full details—please tick COMPANY 
the appropriate box in the coupon. 
; ADDRESS IPE 11 
PYE LTD. PROCESS HEATING DIVISION Please ask your Technical Representative Please send me 
to telephone for an appointment full details 








Telephone: CAMBRIDGE 57590 
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If you want to know more about the Gj KqN spark machine write to our U.K. agents 


M. C. LAYTON LIMITED, ABBEY WHARF, MOUNT PLEASANT, ALPERTON, WEMBLEY, MIDDX - RUDKIN & RILEY LIMITED, CYPRUS ROAD, AYLESTONE, LEICESTER 


MANUFACTURED BY WELSH METAL INDUSTRIES LTD., CAERPHILLY, GLAMORGANSHIRE 
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VDF Automatic 
Crankshaft LATHE 


MODEL 1365 


For the simultaneous machining of crankshaft end 
and intermediate journals and flanges. 


Fully automatic, interlocked cycle 
Simple work loading from centre chuck 
Tools readily accessible and easily changed 
Rapid tool approach and retraction 
Equipped with two facing slides and one 
swivelling slide 

Efficient chip disposal and coolant system 














4-throw crankshaft, loaded and 
machined in 3.5 mins. 


BRIEF SPECIFICATION 


Crankshaft, max. length 314 in. 
Speed range r.p.m. 28-140 
Feeds .002-.016 in. 
H.P. 33-45 













Floor space approx. 140 x 70 in. 


Sole British Agents 


SYKES 


Machine Tool Co. Ltd 












with 


THE MACHINES 
ILLUSTRATED 
ABOVE ARE 
REPRESENTATIVE 
OF A FULL 
RANGE 

WHICH INCLUDE 
LP \-] 4 Ole), 
OR PLANER TYPE 
HORIZONTAL 
OL INI) 
MACHINES 
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REG. 


The many outstanding features associated with 


@ 
Richards range of Horizontal Boring Machines include 
models with traversing spindles from 24” to7” diameter, as 
facing capacities up to 72” diameter and in the case of 


the machine illustratcd Richards Automatic Co- 






ordinate Positioning unit. All machines are designed to 


ad & a 
perform heavy duty milling and a wide range of bed 
lengths and widths are available. Further details are 0SI | Oi] : | 
given in the new range of Richards leaflets, copies of 
which will be gladly sent on request. 


GEO. RICHARDS & CO. LTD. 

BROADHEATH ° ALTRINCHAM - CHESHIRE 

Telephone: ALTRINCHAM 4242-7 ° -*) 
Telegrams: RICHARDS, ALTRINCHAM 

A member of the STAVELEY COAL & IRON CO. LTD. GROUP 


















NEWTON GHANBERS 


cast in all grades of 


MEEHANITE 


from a few pounds 


to 20 tons 








Whether you require one casting or thousands, up to 20 
tons each or as little as a few pounds each, for any service 
in any grade of Meehanite, we can meet your needs. Our 
foundry facilities are extensive, and include machine 
moulding, shell moulding, loom moulding and floor mould- 
ing, and with our 160 years’ experience of serving every 
major industry, we are able to offer an exceptionally skilled 
and comprehensive service. 

All enquiries will receive immediate attention 


Chambers 





NEWTON CHAMBERS - ENGINEERING DIVISION 
THORNCLIFFE - SHEFFIELD 


ENGINEERS OF 
PROGRESS 





io 
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AIR JET 
PLUG GAUGES 





Wl (/04 * NECURACY 
* RELIABILITY 
* LONG LIFE 


and Solex air operated gauges require only one master setting ring— 
another reason why this system is world renowned. 


S 6)8 E- »,4 Solex (Gauges) Limited, 72 Chiswick High Road, W.4. CHIswick 4815 


HAVE THE MEASURE OF THINGS 
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The HERBERT 
hire ye ap hehe | TYDE 


see, up to % diameter. 





DRILLING MACHINE 





D490 


Drilling four hundred and eighty 0.035” diameter 
holes around the periphery of two 1 3/16” diameter 
grooves in an air-control valve. 


The Herbert Type “B” Drilling Machine is a bench--type single- or multi-column machine. 
Six speeds, maximum 18,000 r.p.m. Stroke 1}”, radial capacity 4}”. 


Herbert Drilling Machines are made in ten types—single- or multi-spindle and turret —for drilling, 
tapping and associated operations, holes up to 14” diameter. 


Sole Agents and Tooling Engineers :— 


ALFRED 
ee Venn RINT AD 572 
H ERB ER ‘Z LTD. COVENTRY — FACTORED DIVISION, RED LANE WORKS 
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... transfer... 





CTD... 


- roll, clean, sort, lift, turn, grasp and shelve. | 
Hymatic Automation is thus invaluable in the automatic | 
and selective transfer of parts from one process to the next, 
from conveyor to conveyor; in unloading one machine and 
loading the next; or in quick clamping to hold parts during 
machining. All designs of Hymatic Automation are made 
for specific tasks but are readily adaptable to others. 

Hymatic Automation covers the whole problem—the de- 





sign of the circuit—the machine— the means of control. 


-——— THE HYMATIC ENGINEERING CO. LTD. 





.. Open... 


~~ 





| 
} 











Minit 


— 











... CLOSE... 


Hymatic Automation, therefore, has a place in your pro- 
gramme of productivity improvement. 

Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 
are jobs for which you just cannot find people. 


In all events CONSULT 


Hymatic Automation. 


167 
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By our standards, 









a thousandth of an inch 


is an agricultural idea 
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You know about the man who was asked how big a ‘thou’ was? ‘Very, very small’ he said. He 


was asked how many there were in an inch. ‘Millions of them’ he said. 

In this unusual factory of ours—unique in Europe, we suppose—we don’t think of a ‘thou’ as 

at all small. We have had to train ourselves to take a tolerance of half a tenth in our stride, and 
to use on our production inspection-line a machine that will measure out-of-roundness of the order 
of one millionth of an inch. 

But then we are in production with instruments the like of which the world has never seen before. 
We produce (in partnership with Minneapolis Honeywell) Inertial Quality Gyroscopes so accurate 
that they precess less than half a degree per day, so sensitive that you can use them for finding true 


North to within a few minutes of arc. Small wonder that we do ‘sand’-blasting with bicarbonate 





of soda, and that a speck of dust is a calamity. 
INSTRUMENT WING offers outstanding 


‘ENGLISH ELECTRIC’ einseratstoreatedin tho dovelopment 
INERTIAL GUIDANCE instruments and systems. 








INSTRUMENT WING ~- GUIDED WEAPONS DIVISION + ENGLISH ELECTRIC AVIATION LIMITED - STEVENAGE 
Member Company of British Aircraft Corporation 
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Goulder ¥-solve all 
gear testing problems 


* 
No, 3 Involute 


Tester: 24 ins. diam., The Involute Testers 
3 to 40 D.P. 
illustrated 
are only part 
of a wide range. 


Goulders can supply 





Gear Testing 


Instruments for 














any type of gear 








which can be 


No. | | | Tester: * » 
cent, wok No. 2 sind ; instrument-mounted, 
20 to 100 D.P. Tester: 16 ins. diam., 


4 to 40 D.P. 














‘phone or write for further information or : - 
with your own particular problem 3 Can be arranged to test pitch. 


J. Goulder & Sons Ltd., Kirkheaton, Huddersfield. Telephone: Huddersfield 5252-3 

















Get a good grip on gang milling 


\ 


Loading times are reduced, and output is 
increased by the use of “‘Eclipse” perman- 
ent magnet chucks on your milling or 
planing machines. Efficient magnetic | 
design ensures the greatest hold for 
maximum cuts and feeds. 

Before you order your next milling fixture 
contact us—we have suggested many 
modifications to suit customers workpieces, 


fa a resulting in a saving in initial cost. 
t i 


W~ —the only name for magnetic tools 


JAMES NEILL & CO. (SHEFFIELD) LTD + ENGLAND 
Supplies through appointed “Eclipse”’ Distributors PM 127 


e 











<a oe seme ae nae a” 








V 


The Production Engineer 


The illustrations show a Crowthorn 18 in. 
Centre x 27 ft. 9in. Gap Bed Lathe admitting 
20 ft. 6 in. between Centres and, inset,a 
view of the quick power traverse mech- 
anism. The lathe is typical of Crowthorn 
Heavy Duty Long Bed Lathes. 








Z : 
CROWTHORN ENGINEERING COMPANY LIMITED 
Makers of High Class Machine Tools for over half a century 


REDDISH . STOCKPORT . ENGLAND 
Phone: STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 


CL 102 
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ISOMANTLES 





é si 5 = 
ISOPAD LTD., BARNET BY-PASS BOREHAM WOOD » HERTS. Telephone: ElStree 2817/9 
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for 
SPECIAL 
PLANT 


so versatile- 


THE RIGHT HEAT 

FIT ANY SHAPE 
AUTOMATIC CONTROL 
EASE OF ASSEMBLY 


There is but one word to describe the 
Isomantle method of electric surface 
heating — VERSATILE. Isomantles are 
today being made for so many diverse 
industries that no heating difficulty pre- 
sents a problem any longer. They provide 
the right heat in the right place at 
the right time. 









Isomantles in 120° sections. 
Prepared for vacuum chamber 
by Edwards High Vacuum Ltd. 


Let Isopad help you with your 
problem, fully illustrated 
literature available. 


















NRP 2921 














It’s just like any other press 
—or is it? 


If we charged you £1 for every year's experience we've had, 
our 2-ton inclinable bench press would cost you £136. But 
‘know-how’ has taught us to be better than our years — it 
costs under £100. We were the first press manufacturers 
in the world — and there is probably no major engineering 
project, from the beginning of railways, Brunel's ships, the 
Crystal Palace, to the latest Comet or nuclear power 
station, where a Rhodes press has not played its part 
somewhere along the line. You can acquire a lot of ‘know- 
how' in 136 years. We are 136 years young. And it is this 
unique fact — not gimmicks or high pressure salesman- 
ship — that makes Rhodes presses the best in the world. 


RHODES 


2 TON INCLINABLE BENCH PRESS BUILT TO 
THE RHODES 


OF WAKEFIELD STANDARD 










JOSEPH RHODES AND SONS LIMITED 
BELLE VUE ; WAKEFIELD . TELEPHONE 2756 (3 lines) 
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WATER 





Ka most up-ty-dalt 


COOLEHS 


REFRIGERATING — 
CONDENSERS — 
AIR COMPRESSORS — 


DIESEL GAS AND 
PETROL ENGINES - 


LIQUID CONTROLLERS - 
PROCESS WORK ETC. - 


Send for particulars to 





HEENAN & FROUDE LTD + WORCESTER * ENGLAND 
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TWO MODELS FROM THE 











81 in. SENIOR S.S. and 
S.C. LATHE 

Gap Bed 30in., 48 in. or 80 in., alternatively Chip Flow 
Bed 48 in. or 80in. 18 Spindle speeds 20 to 970 r.p.m., 
higher and lower ranges optional. 





ZA 
FAR 
BA S 
SRG] 
FH 
RS 


BS 


)) 


7i in. and 8in. MAJOR SS. 


and S.C. LATHE 
»») 


Su Gap Bed 40 in. or 60 in., alternatively Chip Flow Bed 30 in., 
EDM 40 in. or 60in. 18 Spindle speeds, 27 to 757 r.p.m. or 
35 to 1000 r.p.m. 


ALL MACHINES 

Patented totally enclosed feed box providing wide range 
of threads and feeds. 

Hardened and ground gears in gearbox and headstock—all 
meshing faces tooth rounded for easy engagement. 
Patented snap action feed controls on apron — feeds can 
be varied whilst cutting. 


—— ane palais | iinet: 2 . | OTT ( aa A C H | y E RY ) LT D ; | daca 


SA 





Machine Tool Catalogue (MEMBER OF THE B. ELLIOTT GROUP) H 
VICTORIA WORKS, WILLESDEN, LONDON, N.W.10 
Telephone: ELGar 4050 (10 lines) Telegrams: Elliottona, Harles, London 


Ss ue | 

| ELLIOTT OF LONDON GROUP 
i} 
Overseas Subsidiaries: CANADA, U.S.A., AUSTRALIA, S. AFRICA 


CA 
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The NEW QUICK RELEASE coupling. 


4 





Experimental Test Laboratory 
Equipment 


—A NEW CONCEPTION 
OF HOSELINE MOBILITY 


SAVES TIME, MONEY 
AND TROUBLE 


In the past, the only method of connecting 
Hydraulic feed lines was by screw fittings. Now, 
with the advent of Golden Flow Couplings, recently 
introduced by us, a completely efficient connec- 
tion is achieved simply by pushing the two halves 
of the coupling together, Disconnection is effected 
by pulling them apart. Furthermore, on discon- 
nection, each coupling half is automatically sealed 
by the poppet valve, so preventing the loss of 
valuable hydraulic fluid. By using a break-away 
bracket, one half of the coupling is held per- 
manently in place, so that in the event of an 
unexpected strain on the feed line, the coupling 
automatically breaks away, without damage to 


FROM hoseline or equipment. 


e Full technical details of Golden Flow 
Couplings are available on request. 
er OG U | p Please state the application you have 


in mind. 


SUPER OIL SEALS & GASKETS LIMITED 
FACTORY CENTRE, BIRMINGHAM, 30 Tel: Kings Norton 2041 







Mechanical Handling Equipment 


Hydraulic Jack on Building 
Construction 
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TELESIG Screw Pumps are positive 
displacement pumps. Simply constructed, 

they offer exceptional performance and long life. 
TELESIG pumps effect delivery by means 

of three parallel screws engaging each other, 
the power-driven central screw driving 

the two side screws. They may be run at high 
speed thereby reducing motor sizes 

and installation costs. 


Ld 


TELESIG Screw Pumps offer the following advantages: 
Self priming. 
Delivery free from pressure pulsation. 
High working speed — small size. 
Near-silent operation. 
Simple construction. 


Minimum maintenance and easy replacement 
of working parts. 


@ Long life. 


TELESIG Screw Pumps are made in three basic ranges: for low 
pressures up to 300 psi, for medium pressure up to 1000 psi and for 
high pressures up to 2,500 psi. 42 sizes are available covering a 
wide range of capacities. 


“ity? Screw Pumps by Telehoist 


TELESIG pumps and equipment are made by Telehoist under licence 
from the Swiss Industrial Company (SIG). 


Telehoist Limited. Cheltenham England. Telephone: Cheltenham 53254 


an associate company of Wilmot Breeden Lid. 
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First-class SERVICE 


and long EXPERIENCE 





By using Welded Components you save the 

costs of patterns for castings. By using 
Russell Welded Components you gain also 

the benefits of long experience, plus the know- 
ledge of specialised craftsmen who are backed 

by a staff qualified to modify designs of 
castings to suit welding techniques. 


Here, in fact, is a complete service, with 
prompt and expert attention to every enquiry— 

and right through to each completed job. 
Our normal range is for work up to 5 tons. 





We shall be pleased to receive your enquiries. 


S. RUSSELL & SONS LTD 


STRUCTURAL ENGINEERING DIVISION FIRST FOR WELDED COMPONENTS 


Bonchurch Street, Leicester. Telephone: Leicester 59488 
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| Speetol’ Xcrion JIG CLAMPS 


Completely Self-Contained & 















Requiring No Extra Nuts, Bolts, 
Studs, Springs etc. to be Fitted 


Combined 
Screw & Cam 
Action 


The outstanding advantage of 
“Speetol” Jig Clamps is that for the 
first time there is now available an 


mat entirely self-contained, quick-acting, 


Made in 
Three Sizes 


strap-clamp, specially designed for 
incorporation as a single unit into 


jigs and fixtures. 





(Patent 
744064) 








This range is backed by the 
well-known “ Speetog " 
Template Service to 

Drawing Offices. 


: te Speed Tools Le 








EKER HOUSE. GRESSE ST. LONDO 


NRP 9072 
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Ingersoll-Rand 


COMPANY LIMITED 




















The I-R range of air powered drills make for 
1AH operator comfort with their light weight (5!b. less 
Series 22 than usual) and low noise volume. Light to 
heavy duty models of capacities from 3” to 1}’”— 
the major illustration shows one of the lightest 
range almost life size, the O0OA2J of }” capacity. 
All use less air, have higher efficiency and are 
tremendously economical to run and maintain. 
Versatile in application, there are various 
attachments available which make the I-R drills 
indispensable in any workshop. 

Write for leaflets giving full details 


Ingersoll-Rand Company Limited, 


165 Queen Victoria Street, London EC4 
591 ou Telephone: Central 5681 Works: Trafford Park Manchester 17 












AIR POWERED 


MANOEUVRAB 
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© | NO DOUBT ABOUT IT, Crosland 

dies cut costs as cleanly as materials 

ntools! for these important reasons. They 

blank and pierce in one operation, 

© They are an amazingly cheap method 

of tooling steel, non-ferrous and non- 

: © Ory) metallic materials. They save up to 
Sa be 96% bench time compared with hand 
benc methods on short to medium non- 

- repetitive runs. They are infinitely 

ome | cheaper than orthodox tools. Their 

super-hard steel cutting edges are set 


in a densified laminated material of 


high tensile strength and give clean, 
even results. And they’re cheap to 
with maintain and modify. 


BLANK & PIERCE DIES 


These are facts -Prowvetthem te yourFoftt! 





Write for fully descriptive literature to :— 





WILLIAM CROSLAND LIMITED, BREDBURY, Nr. STOCKPORT. Telephone : WOODLEY 2621/2 





face milling 


alight alloy | Jf) JUMES FASTER 


component 


than by any other method! 


That’s because he’s using the latest Wadkin Articulated 
Arm Router L.C.— the modern time-saving, cost-cutting 
method of milling Non-ferrous Metals. With high 
speeds, 12,000r.p.m. and low tooth loading of the 
cutter, face milling operations are accurately machined 
in a matter of seconds! Already, this inexpensive 
Wadkin Router has considerably increased output rates 
and drastically cut production costs in scores of shops. 
A demonstration on 
your components would 
prove that it can do 
the same for you. 

















Wadkin Articulated 

Sk Arm Router type L.C. 
The operator, using a Wadkin Articu- 

lated Arm Router L.C., face mills the 

engine sump in 55 seconds ! 


Cor 











Wadkin Ltd., Green Lane Works, Leicester. Telephone 68151. London Office: 62-64 Brook Street, W.1. Telephone: MAY fair 7048 
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. occupy a very special place in the motor 
industry, many special places to be exact. 
Designed and precision engineered to ensure 
economy of operation and a long service life, 
they ‘fit’ into most assemblies. 


Oil Pumps, Water Pumps, 
Steering Idlers, 

Clutch Plates, 

Gear Change Mechanisms, 
Bearing Boxes, 

Brake Drums, Brake Discs, 
Push Rods, Ball Pins, 
Shackle Plates, 

Axle and Hub Assemblies, 
Thrust Plates and Assemblies, 


Machined Components of all kinds. 


SCHEME OF, Farn Ge 





Concentric specialists in the design and manu- 
facture of Oil and Water Pumps, have 
achieved a new high standard of performance 
and production in this field. 


d 
u 
h 
e 
d 
e 
S 
S. 





Concentric Manufacturing Company Limited, Tyburn Road Birmingham 24 
TELEPHONE: EAST 2081-2-3-4-5 
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HIGHER PRODUCTIVITY is the key to lower prices. 
N-1-F-E-S work for more than 5,000 firms has 
resulted in:— 

Increased Production 

Better Quality Products 

20% Lower Fuel Bills 

Savings of more than £10,000,000 


Your enquiries are invited.... 


7 -t-?-2-D 


Nationa! Industrial Fuel Efficiency Service 


71 GROSVENOR STREET LONDON W1 


Telephone: Hyde Park 9706 


British Industry's Ally in the Pursuit of Higher Productivity 





Hey Multiple Spindle Drill Heads convert 
Standard Drilling and Boring Machines to High 
Production Machines permitting drilling of all 
holes in a component simultaneously, with 
production rates equal to those obtainable on 
expensive special purpose machines. 

Compact design reduces to a minimum, distance 
from drill head to machine spindle, whilst careful 
selection of material ensures an extremely efficient 
light weight head. 

Heads are available with any number of spindles, 
covering a wide range of sizes 
MAXIMUM PRODUCTION ON DRILLING, REAMING, 
TAPPING AND SPOT 
FACING OPERATIONS 





We also manufacture Rotary 
Cam and Profile Milling 


TD Tea L TMU ALUM cninescoxr roocn rowing 
, aang 
MTT PUL MMOS cod racing and. Cencring 


Machines, Special Machine 
Tools for High Production. 
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POLYSLIP 1M ‘DRY’ BEARINGS 


in a wide range of standard sizes 
A 


POLYSLIP-a new approach to the ‘dry 
bearing’ problem 

Polyslip 1M Dry Bearings are designed for 
higa duty without lubrication of any sort. 
They are intended for those applications 
where other lubricants are undesirable or 
unsuitable. 


What are Polyslip 1M Dry Bearings? 
Bearings made from sintered bronze, im- 
pregnated with P.T.F.E. (Polytetrafluoroethy- 
lene) and additives at the working surface. 


Why P.T.F.E. and Bronze? 

Because this combination gives an excellent 
bearing material, the P.T.F.E. and additives 
providing low friction and low wear rate 


while the bronze provides a strong, heat- What are the applications? 
conducting matrix. Where oil and grease lubricants are unacceptable. 





Where shafts are required to run in liquids such as water, petrol, solvents. 
What forms are available ? Where dust is a problem * Where oil and grease can cause contamination. 
Where maintenance may be ata minimum: Where temperatures are abnormal. 


Cylindrical, plain or flanged-self-aligning - _— alae . 
Where ‘static’ is a problem * Where ‘slip-stick* motion must be avoided. 


thrust washers. 
Our Technical Department will be glad to discuss the suitability 


What Sizes? of Polyslip 1M Dry Bearings to your applications. 


From 0-1” to 3” bore. Standard sizes facilitate 
quicker delivery. Write for a designer's brochure giving properties, performance 
data, and dimensions. 


| ad @) B® 4—) BE pa BOUND BROOK BEARINGS LTD sy 


B = AX rR 1 IN co S Trent Valley Trading Estate, Lichfie'd, Staffs. 


Telephone: Lichfield 2027-8 Telegrams: Boundiess, Lichfield 
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UNIVERSAL HORIZONTAL 
ZEISS METROSCOPE 


This entirely new instrument replaces the old 
optimeter, and is extremely versatile. To be 
used for direct and differential measurement, 
for length measurement up to 18 in. exter- 
nally, and 7 in. internally. 

This is also an excellent precision internal 
diameter measuring instrument. The “ elec- 
tronic eye” enables the stylus to contact the 
test piece without any measuring pressure. 

SPECIAL FEATURES : 

@ Extreme accuracy @ Speed of work @ A 
centering attachment for rapidly centering or 
aligning the test piece for internal measurement 
@ Opto-mechanical indicating device for making 
rapid series measurements. 


Please write for details to: 


C. Z. Scientific Instruments Ltd, 12a Golden Square, London, W.1. Tel: GER 4488 















WITH THE BROCKHOUSE UNIT 
GRINDING HEAD AND TRUING 
DEVICE FOR HORIZONTAL AND 
VERTICAL GRINDING. 


% Easily adaptable on most standard machines. 
%* Rapid and accurate. 


PLL * Slideway Grinding Enquiries invited. 

= SPECIALISTS IN z Write for descriptive folder to: 

= MACHINE TOOL 

porn J. BROCKHOUSE & CO. LIMITED 
= = Machine Tool Division 
STVunveeeevuuusveenuonuongengeuusnsenneennnnene ELMS WORKS : PENN ROAD : WOLVERHAMPTON 


Phone: Wolverhampton 23801 


SETTING 
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This 20-minute film is the 
first comprehensive production 
of its kind showing in clear 
and understandable form the 
intricacies of the automatic 
production of piece parts 
from wire and strip 


available on 






e loan 
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WICKMAN LIMITED 
| Appiy to PUBLICITY DEPARTMENT, BANNER LANE, COVENTRY. 











Telephone: Coventry 65231. 
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BRAZING 
The illustration shows a number 
of BRAUER ‘Quick Action’ 
TOGGLE CLAMPS | types 
T.C.25 and T.C.80 being used 
to advantage on a brazing jig 
for the production of instrument 
panel frameworks by F. T. 
Davis (Kings Langley) Ltd. 
Brauer Clamps are providing 
the accurate and even clamping 
pressures that prevent distor- 
tion and enable the frameworks 
(see inset photograph) to be 
made to the very close limits 
called for. 

Now—fill in the coupon below! 


FOR QUICKNESS 
AND POWER 


— CLAMPS BY 










BRAUER ‘Quick Action’ 
TOGGLE CLAMPS are 
saving thousands of man- 
hours wherever they are 
used in industry. Their 
fast and effortless action 
gives powerful accurate 
holding. Whether you 
are drilling, milling, 
welding, brazing, glueing 
or bonding, etc., in metal, 
wood or plastic materials 
BRAUER ‘Quick Action’ 
TOGGLE CLAMPS will 
save you timeand money. 





Member of the 
Cope Aliman Group 








To F. BRAUER LTD., Harpenden, Herts. 


Please send me your illustrated literature 
and technical data. 
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facilities 
for 
HEAT TREATMENT 


The ENV heat treatment plant 
is one of the most modern and 
comprehensively equipped in 
the London area. 

Facilities include full metal- 
lurgical control, quenching 
press equipment and electric- 
ally controlled flame hardening 
machine. 

Enquiries for heat treatment 
of production quantities are 
invited. 





E.N.V. ENGINEERING CO. LTD 
HYTHE ROAD, WILLESDEN, N.W.10 
TELEPHONE: LADbroke 3622 





AP 112 








BIRMINGHAM 
BIRMINGHAM = BE & 
FITTINGS CO. LT. 

(Solderless Tube Fittings only), 
48 Holloway Head, Birmingham 1 
Telephone : MIDIand 3276 


BRADFORD 

THOMAS WRIGHT 
(BRADFORD) LTD.., 

85 Bower Street, Bradford 5 
Telephone : Bradford 28831-2 


BRISTOL 

C. E. KIDD & SON LTD., 
15 Rupert Street, Bristol 
Telephone : Bristol 27594 


COVENTRY 

G. E. ADAMS LTD., 

401 Broad Lane, C coventry 
Telephone : Tile Hill 66472 


GLASGOW 

J. & T. LAWRIE LTD., 
Livingstone Street. Clydebank 
Telephone : Clydebank 2171 


LEEDS 

THORITE PNEUMATICS LTD 
135/137 West Street, Leeds 1 
Telephone : Leeds 35512 


LEICESTER 

HEADLAND eEEAING 
DEVELOPMENTS LT 

38 Gartree Street, oh oto 
Telephone : Leicester 27782 


LONDON 

PROCESS PNEUMATICS LTD., 
19 Charlton Road, 

London, S.E.3. 


E. 
Telephone : Greenwich 6575 








MANCHESTER 

CAR & CYCLE DEPT., 
BAXENDALE & CO. LTD., 
Miller Street, Manchester 4 
Telephone : Blackfriars 8282 


NOTTINGHAM 
DOUGLAS 241 —eeiemmaaaa 
MERCHANTS) L 

Canal Street, Seiad 
Telephone : Nottingham 51374 


RUSHDEN 

COX & WRIGHT (SHOE 
MACHINERY SERVICES)LTD., 
Wellingborough Road, Rushden 
Telephone : Rushden 3139 


SALFORD 

MODINE PRODUCTIONS LTD., 
Dawson Street, Greengate, 

Salford 3 

Telephone : DEAnsgate 7011 


SHEFFIELD 

GEO. TUCKER & CO. 
(SHEFFIELD) LTD., 
Shoreham House, Shoreham St., 
Sheffield 1 

Telephone : Sheffield 29691 


SLOUGH 

G. X. ENGINEERS LTD., 
Gerrards Cross, Slough 
Telephone : Gerrards Cross 3954 


STOCKPORT 

L. L. PRICE (PIPELINES) LTD., 
Brascop House, 33 Buxton Road, 
Heaviley, Stockport 

Telephone : Stockport 5202 


STOKE 
COTTON BROS. (LONGTON) 
LTD., 


Crown Works, Longton 
Telephone : Longton 33021 


BENTON & STONE LIMITED, BIRMINGHAM 6. 
See Advertisement on page 8 
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Protilomatic 


TURRET TYPE 
DUPLICATING LATHES 


SERIES M.E.C 25/341 
I 















Outstanding feature is the hand-indexing, lever-clamped, 
square turret which is controlled by templates set on an 
indexing, multiple template holder; templates control ID 


l 
1] and OD turning as well as the direction of feed. 
4 
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Swing dia. over bed 20Zin. 
No. of spindle speeds 16 or 32 


No. of feeds 8 or 16 
Speed range (16) 50-1000 r.p.m. 
100-2000 r.p.m. 


These entirely new machines of patented 





(32) 50-2000 r.p.m. 
Drive Motor—standard 12-15 h.p. 
—heavy duty 18-22 h.p. 


monolithic construction incorporate corrugated, 
double-wall bed with integral hardened and ground 


ways; hardened and ground gears and shafts; 


\ 


anti-friction bearings which are used throughout, 
permitting heavy cuts, fast cutting speeds with a 


high degree of accuracy. The Model M.E.C. 25-341A 






has fully automatic cycle. 


(MACHINE TOOLS) LIMITED 
GARANTOOLS HOUSE - PORTLAND ROAD - HOVE - SUSSEX 
Telephone: HOVE 47253 Telegrams: Garantools, Portsiade 


NRP 3045 LONDON : BIRMINGHAM - GLASGOW - MANCHESTER - BRISTOL 
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2000 AN HOUR Tt 


PERFECTLY MARKED PARTS 


We illustrate the new E.P.40 Hydraulic Marking 
Press—Pryors latest contribution to greater 
productivity. Fully automatic, it will mark at 
speeds in excess of 2,000 per hour. Write for 
further details. 


EDWARD PRYOR «z son casei 


BROOM STREET . SHEFFIELD ° ENGLAND 
PHONE: SHEFFIELD 23161 (5 lines) . GRAMS: PRYOR, SHEFFIELD 





OTTERMILL SWITCHGEAR LIMITED 
SALES OFFICES: 82 VIGTORIA STREET - LONDON SW1 


Telephone: ABBEY 5095/6 Telegrams: BUSBAR SOWEST 
Works: OTTERY St. MARY DEVON Tel: OTTERY St. MARY 264 Grams: BUSBAR OTTERY St. MARY 
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Workshop angle 
and D.O. viewpoint 


























Now that machining costs are so high, the 
legibility of working drawings has become of 
supreme importance. ILFORD Azoflex 
photoprinting papers give maximum legibility 
combined with speed of production and long life 
in normal storage and use. That is the workshop 
angle combined with the viewpoints of the 
drawing stores and D.O. 


More specifically, the D.O. is interested in the 
Azoflex dyeline process because no ducting or 
darkrooms are necessary ; the process is dry, there 
are no fumes or excessive heat generated. 


An economical and time-saving feature is that the 
correctness of exposure/machine speed can be 
gauged and adjusted immediately, even in the 
largest Azoflex models, because the Azoflex copy 
emerges fully processed in seconds and within 
view and easy reach of the operator. 
Inexperienced staff quickly grasp the simple 
details of Azoflex machine operation. 


= i — ee Photograph by courtesy of Duraglass Limited 






Your company might benefit. . . 
Many business and industrial concerns find that it pays 
to hire certain AZOFLEX machines — rather than buy 
them outright. Enquiries will be treated with the utmost 
discretion, and will not commit you in any way. 


Peas Azoflex 


Photoprinting Papers and Machines 








ILFORD LIMITED INDUSTRIAL SALES DEPARTMENT AZ22M - ILFORD + ESSEX 













ROCKWELL 


HELICAL 
CLAMPS 


BRITISH PATENT 


A range of popular sizes 
to suit any T slot or 
clamping height. 

No loose parts to lose. 
Each size adjustable for height. 
Any quantity Ex-Stock. 


Write Dept. C/C or phone for ieaflet giving 
prices, sizes and technical details 


WELSH HARP, EDGWARE ROAD, 
LONDON, N.W.2 Tel: GLADSTONE 0033 





Also at: Birmingham-Telephone Springfield 1134/5 
Stockport-Telephone Stockport 524! Glasgow-Telephone Merrylee 2822 
6. 
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Looking in the 
right direction 






SePvwPRinNn GS 
F. S. RATCLIFFE (ROCHDALE) LTD., 


Crawford Spring Works, Norman Road, Rochdale 
Phone: Rochdale 40415 Grams: Recoil, Rochdale Telex 63178 
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Wr This mobile, dust-free 


shot blast machine is being 

used with outstanding success 
for in-situ cleaning of nuclear power plant 
installations. Heat exchangers, Reactor-vessels, Boiler elements 
and ducting, all require the super cleaning for which Vacu-blast 
is perfectly suited. Vacu-Blast equipment is equally well suited 
to on-site construction work or pre-fabrication in the workshop. 
Demonstrations can be arranged on request. 








VACU-BLAST LIMITED, WELLCROFT ROAD, SLOUGH, BUCKS., ENGLAND 


Will secure clean conditions in Reactor Vessels, 
Heat Exchangers, Pipes and Ducting. 


3 PAE/B 


Telephone : Slough 24507 - 8 - 9 


VACU-BLAST (AUSTRALIA) PTY. LTD., AIRPORT WEST, VICTORIA, AUSTRALIA 
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: ; ’ nae YEMGe 
Automotive Engineering Limited & ? 
The Green, Twickenham, Middlesex o » 
Telephone: POPesgrove 2206/9 oor 
Telegrams: Motif Twickenham PY 


ONE OF THE SHEEPBRIDGE ENGINEERING GROUP 





SEEGER CIRCLIPS ARE ON THE ROLLS-ROYCE APPROVED LIST 


9 
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Design 


INDUSTRIAL LOGAL LIGHTING 
his contendredion on the HB 


Produced from long experience, the 
E.D.L. “Silver Star” Fitting is 
designed and constructed on the latest 
principles combining the highest 
standards of industrial local lighting 
with supremely practical and efficient 
service. 


Council of Industrial 
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you wilt veTIMATELY Install 6kLIa Gb BECAUSE : 


@ THE SPECIAL HINGE JOINTS never need adjustment, never 
work loose or sag, and give complete 360 degree movement. 

@ THE FLEX is totally enclosed and cannot pull, kink or twist. 

@ THE BASE is universal for horizontal or vertical mounting; is 
provided with four conduit entries and contains switch. 
An alternative base is available for mounting directly on 
top of a transformer casing. 

@ THE REFLECTOR gives maximum illumination and rotating 
movement provides light in any direction. 

@ The whole fitting is smartly finished in black and aluminium 
and is a modern example of sturdy yet lightweight design. 


Ga he night teghtt for the, job with KZ Further Details on Application 
g) E.D.L. INDUSTRIES LTD - reparook LANE : BRERETON - RUGELEY - STAFFS 


TELEPHONE: RUGELEY 711-3 


LONDON OFFICE: 18 PRINCETON ST. (off Red Lion Square), W.C.1. Tel: CHAncery 5355 
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WET GREASE LUBRICATION 
TO 500°F ACHIEVED WITH 


DEE M.A.G.‘R’ 


Here is a soft grease lubrication 
which does not alter its consistency, 
has no melting point, will not sag, 
liquify and run — even at temperatures 
as high as 500°F. 


These characteristics of DEE M.A.G. ‘R’ enable you 
to solve many problems of high temperature lubrica- 
tion inexpensively and simply—problems such as 
lubrication of boiler head gears, bearings on trolleys 
entering hot steam chambers, charging ladles in 
steel works. 
One of our engineers will discuss your particular 
problem with you by appointment or, if you prefer, 
place an order for a trial quantity, specifying your 
problem. 
N.B. For lubrication at temperatures up to 
1000°F specify DEE 633 Refractory Lubricant. 


DEE OIL COMPANY LIMITED 


Delta Works, Irlam Road, Bootle, Liverpool 20 
Telephone: Bootle 1897 

































Let us 
be your 
machine 


Complete facilities plus 











precision & service secondtonone | 
@ Capstan and centre lathe work shaping, honing, 
@ Milling—all types ore teat 
@ Surface and universal grinding making, etc. 
@ G-SIP jig boring pie semanieng 
@ Centreless grinding Pte 
@ Copy turning Approved 
MARSDEN & SHIERS LTD. 





Davis Road, Chessington, Surrey. Phone: Elmbridge 5333 (3 lines) 
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a 
is made from ralsin Nylon 11... and that makes it special. If you'd 


made the same thing in, let’s say steel for instance, it would have needed 
lubricating for a start all the time—which is just what you wouldn't have to do 
if you'd made it of RALSIN in the first place. And last; they really do last... 


made of RALSIN. Silent meshing too . 


*RALSIN in light engineering provides mouldings 
and extrusions of great mechanical strength which 
are dimensionally stable, shock and abrasion 
resistant and light in weight. 

For prototype work, RALSIN can be machined. The 
material has a high degree of dimensional stability 
and piece parts produced from RALSIN are capable 
of being operated continuously at temperatures up 
to 100°C and down to as low as —64°C. 


WHIFFENS (lemicals for industry 


A member of the Fisons Group of Companies 
Sole agents for RALSIN in the 

United Kingdom, Commonwealth of Australia and Dominions of New Zealand and Canada 
WHIFFEN AND SONS LIMITED 
Willows Works - Derby Road - Loughborough - Leicestershire - Telephone: Loughborough 3141 


. » smeshing! 


RALSIN (density 1.04) is the lightest polyamide avail- 
able commercially. There are many ways in which 
RALSIN can improve your present products; it can 
also be instrumental in achieving success—particu- 
larly with intricate projects. Whiffens Publication No. 
M/2/16 will give you all the details you will need 
about its application and characteristics. Their 
Technical Service Department will be happy to talk 
over any particular details of application with you. 


@ Ws3a 
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Let us hold the baby... 








—by passing your 
lubrication problems 

to us. 

Rich in experience and 
appreciation of all that 

must be done to nurse 

every job through to 

success, it need only be 
stressed here that 

Fletcher Miller lubricants do 
produce the best results. Our 
Publication SP. 152 gives 
details of our wide range of 
industrial lubricants—ask 

for a copy. 


You ean depend on 


FLETCHER MILLER 





FLETCHER 


Telephone: HYDE 347! (5 LINES) 


LUBRICANTS 


MILLER LIMITED 
ALMA MILLS, HYDE, CHESHIRE. 


Telegrams: EMULSION. HYDE 
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PAYING 
FOR 
TIME 


Time, directly or indirectly, is 
cost. If records of occupied 
time are not accurately kept, 
the firm concerned may well 
be paying for time it does not 
get. The systematic analysis of working time is a first 
step to increased production and lower costs. 

The GLEDHILL-BROOK Time Recorder controls the 
use of time; it provides an indisputable record of 
attendance, time on a job, overtime and other figures 
essential to accurate costing and the economic 
employment of labour. 





GLEDHILL-BROOK 


Write for full details and illustrated leaflet to :- 
GLEDHILL-BROOK TIME RECORDERS LTD., 
20 EMPIRE WORKS, HUDDERSFIELD. 
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Radio-Frequency—too!! 





Over the years more and more companies have 
entrusted us with their components for FLAME 


HARDENING and learned its amazing possibilities. 


Meantime we have developed a RADIO- 
FREQUENCY Department and can offer service 


from Valve Generators up to 125 Kva. 


On Starter Rings we have full automation. Yet 
we know there is still much to learn 


remarkable possibilities ! 





FLAME HARDENERS LIMITED 
Shorter Works - Bailey Lane - Sheffield | 


Telephone 21627 
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A simple, economic and efficient drilling machine for capacities up to 
lin. diameter in mild steel and when required with reverse to spindle, for 
tapping up to 5/8 in. diameter in mild steel. A 1 h.p. motor gives 9 spindle 
speeds through sliding gears. The V20 machine is available with sensitive 
hand feed only or with 4 rates of power feed and sensitive feed. Automatic 
trip for depth control is fitted to all machines with power feed. 

Reverse to spindle for tapping is offered in two forms:- 

1. Hand-operated electric reversing switch. 
2. Automatic by pre-set adjustable trips controlled by spindle travel. 

Both table and spindle head have vertical adjustment. 


Write for full details of the V20 K & W machine which can also be 
fitted with various multi-spindle drill heads with fixed or adjustable centres. 








< and 2 Heads, power feed on No. 3 Head 
spindle. 


A single head. 
Type V20 Drilling Machine. 


HIGH PRODUCTION 
DRILLING MACHINES 


Single or Multi- Head Machines |, 2, 3, 4 or 6 Spindles 
TYPE V20 











Three Head Machine. Hand Feed on Nos. 1 


Note Coolant Pump and fitting to each 





DIMENSIONS 





NUMBER OF SPEEDS 
TABLE WORKING AREA 








SPINDLE CENTRE TO COLUMN FACE (STANDARD MODEL) 8} in. 
SPINDLE CENTRE TO COLUMN FACE (EXPORT MODEL) 
LENGTH OF FEED (HAND OR POWER) 


H.P. OF DRIVING MOTOR 








KITCHEN & WADE LTD. 


Member of the Asquith Machine Tool Corporation 








ARUNDEL STREET, HALIFAX, ENGLAND Telegrams : ‘KAW, Halifax’. Telephone : Halifax 67744 (3 lines) 
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For better results in plate roller bending 
use the NEW BESCO PYRAMID PLATE BENDING ROLLERS 


An entirely new range of bending rollers MODEL TRP 


with approved pyramid roller formation 
giving accurate and fast work. 


Closest attention to the placing of well- _* & ] 
chosen controls and the easy manoeuvra- 7 
bility of vital components, ensure the high 
standard of work these machines are 
capable of producing. 

Specially planned features for cylinder and 
taper rolling with a fully powered pressure 
roller and joystick reversing drive to feed 
rollers. Magnetic braking on the gearbox 
input shaft ensures instant stopping. 

It is only points like these, plus the robust 
strength of construction and rolling power, 
which gives better results in plate roller 
bending. 

Range of useful sizes (Capacity in mild steel) 





6 ft. x 3/8 in. 4ft. x 3/8 in. 
8 ft. x 1/4 in. 6 ft. x 1/4 in. Regd. Design No. 891799 
10 ft. x 3/16 in. 8 ft. x 3/16 in. 


Excellent terms: monthly account, hire purchase or 
The FJE Machine Hire Plan. 


Edwards House, 359-361 Euston Road, London, N.W.1 

Phone: EUSton 5000 (P.B.X.) Telex 24264 Grams: Bescotools London NW1 

dweards fd Lansdowne House, 41 Water Street, Birmingham, 3 

a sd Phones: CENtral 7606/8 Grams: Bescotools Birmingham 3 





measure in micro-inches 
without physical contact! 


This Electronic Micrometer measures with high accuracy* any distance 
from 100 to 45,000 micro-inches. This is achieved using one of a set 
of non-contacting probes—the instrument, in fact, measures the capaci- 
tance formed between the probe and the specimen, which is in direct 
relation to the distance separating them. The meter indicates balance 
or deviation from a standard set with the micrometer gauge. Facilities 
are provided for recording and remote or larger scale meter indication. 
A metric version is available. 


* Better than +1% on flat surfaces. 


Applications 

The Electronic Micrometer will measure :— 

PIECE PARTS Automatically - TOOL WEAR * STRAIN - METAL CREEP 
PRECISION GRINDING + DEPTH OF ETCH - TEMPERATURE COEFFICIENTS 
and can be applied in metallurgy and crystallography. 





i 
| | 
: 


Information Service Leaflet EB721 describes fully the 


WAYNE KERR 


Electronic Micrometer B721 
The Wayne Kerr Laboratories Limited, 


Sales and Service, 44 Coombe Road, New Malden, Surrey 
Telephone : MALden 2202 
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THE SOUND APPROACH 
TO QUIET! 


. .. install clean, streamlined N.S.E. 
Partitioning, establish a happy congenial 
atmosphere and increase staff efficiency. 


EASY TO ERECT 
ADAPTABLE 
ECONOMICAL 








FOR OFFICE AND FACTORY 
...it must be 


| NIST | 


STEEL PARTITIONING 











Inspect the full range of N.S.E. 


sidiien Send 
Partitioning and Office TO-DAY 
Equipment at our modern for our 
Showrooms in NEW FREE 


BRISTOL, BIRMINGHAM, MANCHESTER 
or visit our London Display 
Centre 

149 BOROUGH HIGH STREET, S.E.! 


fully illustrated 
36 page catalogue 








NORWOOD STEEL EQUIPMENT LTD., HARLOW, ESSEX. TEL: HARLOW 2565! 
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Norton Precision Moulded G Bond Wheels doa 
better job of internal grinding—consistently 


If you are concerned with grinding inside diameters, Norton 
precision moulded G Bond wheels will give you results superior in 
every way. Superior because their free, fast, cool-cutting action 
produces more pieces per dressing. Superior because they are easy 
on the diamond, dress more easily and hold their form. 


Superior because the precision processing gives close dimensional 
accuracy and consistent performance wheel after wheel. There is no 
fussing with timing cycles when you change wheels. 


In the Norton range of wheels — over 100,000 sizes, shapes and specifications — there is one 
exactly right for your job. Let your Norton or Alfred Herbert representative help you select it; 
and if you want it for an internal grinding operation, a Norton G Bond precision moulded 
wheel will probably help you do it with the greatest speed, accuracy and economy. 


Get twough more Work with Norton Abraswes 
WNORTON} NORTON GRINDING WHEEL COMPANY LIMITED 


Welwyn Garden City - Herts - Tel. Welwyn Garden 3484 (15 lines) 
ABRASIVES Enquiries also to ALFRED HERBERT LIMITED, COVENTRY - Telephone Coventry 8922! 








NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, Canada, France, 
Germany, Italy, Northern Ireland, South Africa and U.S.A. 


*Trade Mark of Norton Company U.S.A., the world’s largest manufacturer of abrasive products NGW. G.166 
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SUNBEAM 


It is well known that the Motor Industry is one of 


the most advanced industries in the efficiency of 


Ci.max adh 


it's handling methods. It is therefore significant 


that so many car manufacturers have adopted 
THE 
ferooo Troy fork truck handling in their organisations 
awarded to 


wines and have chosen 


for the years 
cutstanding 


commonwealth 
} contribution te 
motor racing 


COVENTRY CLIMAX ENGINES LTD. (Dept. PE) COVENTRY 








